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a Last week, the sixth National Power 
ming Conference was held at Bourne- 
mouth. The company present, which 
mbered approximately 1000, was a 
resentative one. It included machinery 
igners, manufacturers and dealers, as 
as farmers, from all parts of the 
ntry. During the three days the 
sions did not lack vigour, and at 
es could be described, with some 
der-statement, as a very frank exchange 
views! They were based on ten 
pers which dealt with several different 
‘aspects of the business and science of 
Mechanised farming. All these papers, 
and the discussions arising from them, 
‘Contained something of interest to 
‘fhgineers, but there were two papers in 
' particular which directed attention to 
| matters of special importance to all who 
are engaged in the agricultural engineering 
industry. The first of those papers was 
presented by Mr. Tom Williams, M.P., 
a former Minister of Agriculture, under 
the title of ‘The British Agricultural 
Engineering Industry.” He emphasised 
that in the invention and production of 
farm machinery this country has been 
second to none, and he pointed out that 
the development of agricultural machinery 
from the simple tools employed with 
animal power to the complex machines 
of to-day had widened tremendously the 
scope of agricultural engineering. This 
theme was elaborated, very ably, in the 
second paper of outstanding engineering 
interest, a paper by Mr. Eric Alley, 
entitled “* Machinery Design.” 

Mr. Alley is a consulting engineer who, 
at different times in his career, has done a 
good deal of ‘“‘ power farming.” He 
modestly confessed that he was “ not an 
expert on anything,” but he nevertheless 
revealed considerable appreciation of the 







viewpoints and the difficulties of farmers, 
machinery designers and machinery 
manufacturers. In his paper, Mr. Alley 
set out to answer some questions that 
continue to be raised in farming and in 
agricultural engineering circles. They are, 
briefly, is farm machinery as well designed 
and engineered as other kinds of 
machinery, could it be made more reliable, 
and would more reliable machinery find 
a market ? In presenting his answers to 
these questions, Mr. Alley refrained from 
embarking upon a “ bulk indictment of 
agriculturists and a bulk defence of 
machinery makers.” He showed, very 
effectively, we think, that with the con- 
tinuing expansion of mechanised farming, 
there is still a need for the two main 
parties—machinery makers and users— 
to work in close collaboration with each 
other. In the last decade or so, much 
progress has been made in the more 
effective utilisation of farm machinery. 
Farmers and their machinery operators 
have gained an increasing appreciation 
of what might be called “ machinery 
treatment.” It seems probable now, in 
fact, that most farm machinery receives 
just as good treatment in the hands of its 
users as does the machinery employed 
in other industries. The series of National 
Power Farming Conferences and the 
work of other technical organisations 
like the National Institute of Agricultural 
Engineering and the Institution of British 
Agricultural Engineers are making a 
worthwhile contribution to that end. 
But Mr. Alley did not hesitate to point 
out in his paper that, in the design of 
agricultural machinery, some allowance 
must still be made for “bad usage.” 
Such a step, we believe, is best achieved 
by simplicity in design. Complication 


of and inaccessibility to the moving parts 


called upon to use such machinery. 
Therein, it may well be, is to be found the 
agricultural engineer’s biggest “ head- 
ache.” For, as Mr. Alley aptly com- 
mented, “‘ simplicity is deceptive because 
it looks the obvious way, but is, in fact, 
generally the result of a lot of hard 
thought.” 

The discussions at last week’s confer- 
ence revealed that quite a lot of “ hard 
thought” is being given to the present 
and future trends of British agricultural 
engineering. Gone for ever is the day 
when the charge could be levelled that the 
farmer’s equipment consisted of “ crude, 
cumbrous and ill-executed machines, the 
work of village ploughwrights and hedge- 
side carpenters.” The British agricultural 
engineering industry, the value of whose 
production last year was around 
£150,000,000, and whose export perform- 
ance is highly creditable, is a national 
asset of growing importance. Like other 
branches of engineering, however, it has its 
competitors in overseas countries ; they 
are competitors who, in the present phase 
of the world’s economy, are not likely to 
let the grass grow under their feet! If 
the agricultural engineers of this country 
can continue to design and produce 
machinery that will stand up to arduous 
tasks, that is simple and safe to operate, 
and that can be described as a “ well- 
finished job,” their reputation in the 
markets of the world will, we are con- 
fident, remain high. 


THE POLITICS OF WATER 

A background of political or social 
controversy of one kind or another is 
quite common when a large scheme for 
water conservation or the generation of 
hydro-electric power is proposed or is 
under construction. The history of oppo- 
sition to Highland water power schemes 
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before the Cooper Committee’s report 
and the subsequent formation of the 
North of Scotland Hydro-Electric Board 
is a well-known case in this country. The 
Tignes dam in France excited stubborn 
local opposition, and recent partisan 
feelings over the relative merits of Federal 
or private exploitation of water resources 
in the U.S.A. have been commented upon 
by our American editor. Similarly, the 
long arguments, particularly in the United 
States, over the St. Lawrence Seaway and 
the generation of power at Niagara Falls 
illustrate difficulties which can arise when 
the joint action of two countries is needed, 
even when those countries are on the 
friendliest terms. Such potential sources 
of conflict tend to become aggravated in 
countries where rainfall is scant, and 
where the rivers are of vital importance 
and do, in fact, by irrigation, sustain the 
life of the riparian populations. We have 
an example in Pakistan and India, where 
the headwaters of rivers which irrigate 
vast areas in West Pakistan rise and run 
part of their course in Indian territory. 
But probably the most acute case is that 
of the utilisation of the Nile, on which 
river Egypt relies absolutely, and the 
Sudan to almost the same degree. Here 
matters appear to be reaching a climax, 
with decisions imminent on the proposed 
high dam at Aswan. Last week it was 
announced that, as a result of talks 
between the president of the World 
Bank and the Egyptian Government, a 
substantial agreement had been reached 
on the basis on which the bank would 
lend money for the scheme. 

The Sudan, which became an inde- 
pendent state only this year, is opposed to 
the construction of the high dam, and has 
given its reasons in a booklet “ The Nile 
Waters Question,” a copy of which we 
have recently received. It is maintained 
by the Sudan Government, amongst other 
arguments, that in treating the Nile 
hydrologically as a single problem, better 
results would be achieved by storage in 
the highland lakes, with consequent reduc- 
tion in size, and hence of evaporation 
losses, of the proposed reservoir at 
Aswan. On the other hand, the Aswan 
scheme is the basic element in Egypt’s 
development programme. The reasons 
for and against it are complex, embracing 
engineering and political questions, and 
it would be improper to argue either side’s 
case here. Even from a superficial under- 
standing, however, it is easy to have 
sympathy with both points of view, and 
also with the recent Governmental 
statement that additional supplies of 
irrigation water, from Lake Victoria 
and its environs, are vital to the 
British East African territories. The 
solution is not by any means a technical 
matter alone, but agreed technical figures 
and data would seem to be a first essential 
step. Engineering competence in con- 
trolling the river, is, of course, assured. 
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Here lies a principal cause of controversy, 
for apparently the entire flow of a dry year 
can be utilised for irrigation. What is the 
quantity of this flow, and how it can best 
be regulated and stored, are engineering 
questions. How it is to be shared between 
the various countries is a question obviously 
outside the sphere of engineering, but one 
which arises because utilisation is com- 
plete. 

Engineers in this country have a particu- 
lar interest in the Aswan high dam scheme, 
for British consulting engineers have been 
appointed for its development (it was very 
briefly described in THE ENGINEER of 
November 4th last). Full utilisation of 
the Nile would be a vast engineering 
undertaking, of enormous benefit. Projects 
of a similar nature in other parts of the 
world have shown that such benefits are 
likely to be brought nearer to reality if a 
liberal political attitude is taken by those 
concerned. The successful completion of 
the Owen Falls dam, higher up the Nile 
catchment, was, of course, dependent on 
agreement over similar questions and is 
possibly a good augury for future develop- 
ment in the British territories near the 
source, as well as lower down the river, 
where agreement is so essential and would 
give a noteworthy precedent for develop- 
ments of a like nature in other countries. 


PRINTING TROUBLES 

In our issue of February 3rd we 
apologised to readers and to advertisers 
because that issue was noticeably thinner 
than those we are accustomed to publish. 
The fault, we pointed out, was not ours ; 
a dispute in the printing trade had resulted 
in members of certain printing unions 
“working to rule.” We added that 
““ we are already wondering whether next 
week’s issue will appear at all.” In 
writing those words we were not wrong ; 
we were merely a little previous. The 
situation developed rather less rapidly 
than we then anticipated. But it has 
developed and, as we expected, it has 


become far worse. As a consequence, this . 


issue is very sadly emaciated, and if we 
are able to print anything at all next week 
it will, we fear, be very little. Our 
apologies are due to readers and adver- 
tisers ; we can only promise, as we did 
a fortnight ago, that we shall get back to 
normal as quickly as the printing trade 
permits. 





Annual Dinner of Institute of Refrigeration 


LiEUT.-COLONEL LORD DUDLEY GORDON, 
the president, was in the chair at the fifty- 
sixth anniversary dinner of the Institute of 
Refrigeration, which was held in the Savoy 
Hotel, London, on Wednesday, February 
Ist, and which was attended by over 500 
members and their guests. Following the 
loyal toasts, Sir Graham Hayman proposed 
that of “ The Institute of Refrigeration.” 
He called attention to the long years of service 
given by the president and to the changes of 
title which had taken place and which 
reflected the increasing scope of the Institute. 
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Refrigeration had opened up new markets 
and new prospects of raising the standard of 
living, but Sir Graham regretted that resistance 
to new ideas had retarded development. Hoy. 
ever, he continued, refrigeration was proving 
of value in the production of antibiotics and 
was also making a contribution to the 
advancement of medicine and surgery 
Sir Graham concluded by emphasising 
the continued importance of exports. |p 
his reply, the president recalled the success 
of the 1955 congress in Paris, and announced 
the removal of the Institute to new offices, g 
move which, he felt, would have beneficial 
effects upon the advancement of the art and 
practice of refrigeration. Sir Rupert de |g 
Bere proposed the toast of “‘ Science and 
Industry ” and quoted Sir Winston Churchill 
on the subject. He said that he was in favour 
of greater mechanisation to relieve drudgery, 
but stressed the need to convince people that 
it did not create unemployment. What was 
required to-day, Sir Rupert added, was plenty 
of work and the heart to do it. In his res- 
ponse, Sir Francis E. Simon said that the 
shortage of scientists was becoming dangerous- 
ly acute, especially when the Russian efforts 
were considered. He also made the point that 
there were too few scientists on the boards of 
industrial companies and stated that their 
numbers were related to the state of advance- 
ment of an industry. 





Recent Engineering Works in Nigeria 

THE tour of Her Majesty The Queen to 
Nigeria has included several visits to recent 
engineering works in that country. On 
Thursday, February 9th, she visited the Oji 
River power station, near Enugu, in the 
Eastern Province. The only coal mined in 
Nigeria is in this region and a ropeway, 16 
miles in length, brings coal to the power 
station. There are two turbo-alternator sets 
installed in the station, with a combined 
capacity of 1OMW, but provision has been 
made to increase the installed capacity to 
30MW ultimately. On the following day 
Her Majesty officially opened two important 
engineering works serving the Lagos area, 
namely the Ijora “* B” power station and the 
new Apapa wharf. Ijora “‘ B”’ power station is 
also coal-fired, the coal being taken by rail 
from the Enugu mines to Port Harcourt, and 
thence by sea to the wharf at Ijora. Two 
12-5MW turbo-alternator sets are installed, 
and an ultimate capacity of 85MW is 
envisaged. The station is of interest because 
it has a buoyant raft foundation of unusually 
large size, which was described in the account 
of the station published in THE ENGINEER 
of January 13th last. The Apapa wharf 
extension involved construction of 2565ft of 
blockwork wharf wall of substantial cross 
section ; dredging and several hundred acres 
of reclamation behind the wall; a 370ft 
lighter berth, four large transit sheds, and 
various smaller buildings, road and rail 
services, and other ancillary works. The 
entire project is scheduled for completion 
at the end of this year, at an estimated cost 
of £4,500,000. It provides berthing accom- 
modation for five ships, the earlier wharf, 
built in 1928, having a length of 1800ft, 
sufficient for four vessels. Design of the 
new wharf was described in THE ENGiNE=ER 
of July 21, 1950. The consulting engineers 
for the Apapa project, and also for the civil 
engineering works at Oji River and ljora 
“*B” power stations, are Messrs. Coode an 
Partners ; the electrical consultants for the 
two power stations are Messrs. Preece, Cardew 
and Rider. For all three works, the main 
contractor is Richard Costain, Ltd. 
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ADVANCED COURSES FOR 
ENGINEERS IN INDUSTRY 


Sir,—We read with interest your comments 
concerning advanced courses for engineers 
in industry (THE ENGINEER, January 20, 
1956). Having attended the Graduate School 
of Thermodynamics at Birmingham Uni- 
versity, we would like to endorse Professor 
Mucklow’s remarks, at the Institution of 
Mechanical Engineers’ meeting and offer 
the following observations based upon our 
experiences. 

After a number of years in industry, the 
young engineer begins to encounter problems 
which can only be solved by hard, private 
study, involving great personal discipline, 
or by attending specialised short courses 
necessitating a short absence from work. 
We believe that both these solutions are 
short sighted. In the first case, outside 
sources usually have to be consulted, and 
these may be well nigh unreadable unless the 
engineer is prepared to train himself in the 
notation and complex theory which may be 
associated with the basic problem. In the 
second case, the immediate problem is 
solved, but further problems requiring a 
different approach would require attendance 
at yet another specialised course. Our 
experience has satisfied us that courses of 
longer duration, such as those referred to by 
Professor Mucklow, cover a_ sufficiently 
wide field at a sufficiently advanced level 
to enable the young engineer to approach his 
problems with an increased measure of 
confidence, and to bring to them something 
of the outlook and techniques of other 
branches of industry. 

The course on which we were engaged was 
of nine months’ full-time duration and was 
concluded with three months’ evening work, 
thus minimising the time spent away from 
industry. Experimental work was reported 
on during the last three months. The syllabus 
was made up of advanced theory which was 
related to the type of problem met with in 
industrial practice by means of tutorials, 
experimental work and discussions. Contact 
with industry was maintained in two ways. 
First, comments were invited on the syllabus, 
in order to bring out the basic industrial 
problems, which could be included as 
examples of the more general theory. 
Secondly, supervised discussion was encour- 
aged in which the lecturers were always eager 
to learn whatever they could of the more 
specialised knowledge from the various 
branches of industry in order to be able to 
disseminate it in later courses. 

In conclusion, we believe that there is no 
lack of enthusiasm on the part of the students 
and lecturers, but there is certainly more 
room for industrial interest and co-operation. 
The courses stand or fall by the extent to 
which industry gives its support, not only 
by providing students, but also by making 
available equipment, which, although 
Obsolete to the specialist, would serve to 
those from other fields as an admirable 
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introduction to an unfamiliar subject. In 
this way a continuous stream of men would 
return to industry well qualified to cope with 
the challenge of future problems. It would 
be unwise of industry not to make the fullest 
use of the increased technical skill thus made 
available. 
Frep Kay, 
G. MCAREAVEY, 
Joseph Lucas Research 
Laboratories, Burnley 
P. OPPENHEIMER, 
B.S.A. Research Laboratories, 
Birmingham 
Burnley, 
Lancs, 
February 7th. 


A NEW INSTITUTION 


Sir,—I would like to support the sugges- 
tions for the above as outlined by Mr. 
Graham Ball in his letter published in a 
recent issue of your journal. With regard 
to the proposed list of qualifications, which 
would involve passing O.N.C. and H.N.C. 
examinations, together with a further O.N.C. 
examination in a special subject, I would 
point out that the present rule which compels 
a student to pass all set subjects for O.N.C. 
and H.N.C. in the same year, would result 
in the proposed course being protracted over 
too long a period of years. At present, for 
example, a science student who has already 
attained G.C.E. in five subjects at “O” 
level, and two or three subjects at “A” 
level may be directed to start the O.N.C. 
course at S2 in Science and Engineering 
Drawing, and $3 in Mathematics. Although 
the student passes all these three subjects in 
one year, he has to pass the mathematics, 
for a second time, the following year when 
studying course $3. Studying for repeated 
sittings at examinations involves a con- 
siderable demand on the student’s time. This 
is especially serious in view of the further 
specialised study which is required in con- 
nection with the special type of industry in 
which the student is serving as an apprentice. 
In fact, the rule acts as a consumer of time 
to the extent of becoming a brake on scientific 
progress. Therefore, if a new Institution 
should be formed, I trust that this rule would 
not be included in its constitution. 

GEORGE A. FRANCE 

Worcester, 

February 9th. 
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Industrial Automatic Controls.' By M. H. 
Lajoy. London: Bailey Bros. and Swin- 
fen, Ltd., 46, St. Giles High Street, W.C.2. 
Price 53s. 6d. 

THE book is written as a beginner’s text 

in the study of industrial automatic control 

and as such assumes the bare minimum of 
knowledge both of engineering and of 
mathematics. The approach the author 
takes to the teaching question is that if 
the student appreciates the functioning of 
the hardware the design implications will 
follow as a matter of course. 

The book commences with a very elemen- 
tary introduction to the concept of open and 


closed loops and goes on to a description of 
two position control systems which gives 
very little in the way of concrete information 
and merely concentrates on getting the idea 


over to the student. Chapter 3, on pro- 
portional control is written in the same 
ab initio style but the fourth chapter, 
which can boast of the introduction, for the 
first time, of the differential coefficient, 
strikes a more interesting note in describing 
what is called “ floating mode of control” 
and which might also be known in this country 
at least as “integral control.” Chapter 5 
goes on to describe rate control and it is 
becoming increasingly more obvious that 
the assumption of limited mathematical 
knowledge has had a very restricting effect 
on the discussion. 

Chapter 6 goes on to study controller 
combinations and present graphical aids to 
the visualisation of what is happening. 
Whether these are of any significant assistance 
is questionable but the practical examples 
provided are well in keeping with the theme 
of the book. Pneumatic controls are dealt 
with in the following chapter starting off 
with a description and following on with a 
theoretical analysis. Chapter 8 deals with 
hydraulic control circuits but here again 
only the basic principles are discussed ; 
the examples, however, are interesting and 
mostly concerned with temperature control 
units. Electric and electronic circuits are 
discussed in Chapter 9 starting off with a 
description of some passive networks and in 
all cases quoting some hardware applica- 
tions of the principle under discussion. This 
chapter was found to be quite interesting and 
informative. 

The book is liberally spiced with applica- 
tions throughout but chapter 10 is devoted 
to their consideration from the point of view 
of explaining notation and symbols used for 
indicating recording and controlling instru- 
ments. These are based on recommended 
practice according to the Instrument Society 
of America. Chapters 11 and 12 are by way 
of closing the loop. Chapter 11 discusses 
the process and considers means by which it 
can be reduced to equation form. Operator 
notation is introduced and it is assumed that 
the reader has advanced considerably in 
mathematical prowess since the spoon-fed 
introduction to the differential coefficient 
in the earlier chapters. The last chapter dis- 
cusses the complete loop in mathematical 
form and goes into the solution of the 
differential equations involved and even 
touches on vector theory. System stability 
and response are also discussed and the 
chapter covers the ground of many another 
book on control system analysis. 

The book is quite a good introduction to 
the basic concepts of automatic control and 
is very liberally scattered with practical 
examples in the text and problems at the end 
of chapters. This is one of the many books 
on automatic control which has been born 
in lecture notes on the subject but it is not 
clear for what standard of people the lectures 
were intended as the standard of education 
assumed in the reader varies very significantly 
from first to last chapter. It appears, however, 
that it is much more suitable for the older 
technician or draughtsman who wishes to 
gain a knowledge of industrial control with- 
out having to learn the mathematics; but 
in so far as the undergraduate is concerned 
it would seem better to teach him some 
mathematics before attempting to teach 
automatic control. 





Thermal Rating 
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of Fluid-Cooled 


Transformer Cores 
By A. LANGLEY MORRIS, M.I.E.E. 


The magnetic loading of power transformer cores ‘is limited either by the magnetic 
behaviour of the core material or by the heat generated in the core. The thermal 
limitation becomes more and more prominent as the physical size of the core is 
increased and as the supply frequency is raised. On general principles it seems 
desirable that any possible thermal limitation should be subordinated to the mag- 


netic limitation : 


with a given magnetic material this can be done either by 


increasing the cooling surface of the core, or by using materials having a higher 
temperature stability. 


PECIAL provisions for extra cooling 
S surface do not have to be made for the 
usual 50 c/s power transformers until the 
core cross-section is quite large—approxi- 
mately for a core circle greater than 16in 
diameter. For such sizes it would be at 
present uneconomic to consider higher 
temperature materials, such as the silicone 
oils ; thus cooling ducts are arranged in the 
cores of large transformers in order to over- 
come the thermal limitation. 

At power frequencies of 400 c/s and 
1600 c/s quite small cores have insufficient 
cooling surface. For example, at 1600 c/s 
even a tin by 4in section core has to be 
operated at a lower flux density than mag- 
netically possible because its normal cooling 
surface is inadequate. At these frequencies 
ducts must be introduced into the core, or 
high-temperature materials used in order 
that the core can be operated at its flux 
density limit. Either expedient puts up the 
cost of a transformer, so it is important to 
be able to estimate the thermal conditions 
inside a core—especially as reliable measure- 
ments are not easily made and involve 
thermocouples in the core structure. 

This problem of the temperature distri- 
bution in a rectangular laminated core was 
examined by Cockcroft! some years ago. He 
treated the problem as a two-dimensional 
thermal field with the core surrounded by a 
cooling fluid. For the simplest case where 
the surrounding cooling fluid temperature is 
completely uniform the temperature in 
terms of x and y co-ordinates is : 
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where 6,,=mean temperature of surrounding 

fluid. 

6,.=3 deg. Cent. 

w=core loss watts/cm’*. 

a=half width of lamination, cm. 

b=half thickness of lamination stack, 
cm. 

p,=thermal resistivity of fluid boundary 
deg. Cent./watt/cm’*. 

p,=thermal resistivity of core iron. 

p,=thermal resistivity of lamination 
stack. 
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n= Fourier coefficient such that 


n=Pcot . na Bigs 1. ap hog 
Ps 


Equation (1) contains an infinite number 
of terms, but the series can be taken as con- 


verging rapidly enough for practical solutions 
to require only the first coefficient 7. 

There are two temperatures of practical 
interest, the maximum hot spot temperature 
which occurs at the point x=0, y=0, and 
the maximum temperature at the fluid-to- 
core boundary, i.e. at x=a, y=0, see Fig. 1. 





Fig. 1—Laminated rectangular core 


The first figure will indicate whether the 
interlaminar insulation is thermally over- 
stressed (or if the magnetic material is 
approaching too near its curie temperature), 
while the second figure will show whether the 
cooling fluid is being overheated at the 
boundary. 

It is therefore convenient to write equation 
(1) in the form 


6,=9,+0,+8,. . . . (5) 


as representing the temperature conditions 
along a line parallel with the core plates and 
passing through the core centre, i.e. y=0 
(Fig. 1). 
Here §,—maximum hot spot temperature. 
6;=maximum temperature drop along the 
laminations. 
§,=maximum temperature across the core- 
to-fluid boundary. 


The two temperatures of interest are then 
6, and 0,+6,,, and in order to evaluate these 


two quantities 6; and 6, must be determined. . 


The Maximum Temperature Drop Along 
the Laminations : ;.—This quantity is given 
by 9,—(®,+9,.) ; hence from equation (1) 


0; =6, =0— 6. =a 
y=0 y=0 


e[. 4P, 
or 0=—e 9 


The second term accounts for the heat lost 
by leakage across the core stack. Thus for 
no heat loss in this manner (unidimensional 
heat flow) equation (6) degenerates into the 
well-known form 


) 
saiiaecss | . (6) 


a. . 
RE oe oot pe as 


The Maximum Temperature Drop Across 
the Fluid Boundary: ®,.—For this case 


0,=8 2. — Im 
y=0 


P. 
or 0,==6,+ eer | 1-274 g—"" cos maf (8) 
L Ps Qn 


The second term is responsible for the cooling 
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effect of the flat surfaces of the core, and jf 
this is small so that the edge surface of the 
laminations is the main contributoiy factor 
then equation (8) takes the form : 


O=mO+W, 6. ek . (9) 


The Thermal Resistivities.—Thre: 
ties are involved in these equations 
to be determined from experimen 
The longitudinal and transverse +e: 
pi and p, were given by Cockcrofi 
ductivities such that pj=2 and p,, 
giving pi=155. His figure of p; in the 
light of other authorities is somew!iat low 
The E.R.A.2 quote pp=3 and the Smith. 
sonian Tables give py=1/0-32 for & % ver cent 
silicon iron. In the present article the longi- 
tudinal resistivity is taken as 3. 

The transverse resistivity of a stack of core 
plates has been examined by various authori- 
ties including the E.R.A.* It is almost 
entirely a function of the interlaminar 
insulation and of the clamping pressure. 
To make the resistivity as low as possible the 
E.R.A.? recommends that the core clamping 
pressure be at least 40 lb per square inch and 
the assembled core be subjected to a heat 
cycle before the core is finally clamped. [t 
would appear from E.R.A.’s tests that for 
a lem stack of 0-02in thick laminations 
having a space factor of 0-9, the value of 
P:=160. This agrees quite well with Cock- 
croft’s figure. 

Assuming this resistivity is entirely due to 
the dielectric, then 


160=p,(1—0-9) 


or pp=1600=resistivity of interlaminar insula- 
tion. 


‘eSistivi- 
iid have 
‘| data, 
tivities 
‘S Con- 

=77-5, 


Thus 
P=1600 (I-f) . . . . . (10) 
where {,= space factor of core. 


The third resistivity, that of the fluid 
boundary, is a property of the convection of 
fluids whose behaviour is normally expressed 
in the form of a dimensionless equation, one 
form being 


ae | 68 «C 
rw F(5-"). - . . a 


of a 


where W/A=watts per square centimetre at the 
cooling surface. 
o=thermal conductivity of the fluid. 
a=thermal expansion of the fluid. 
v=kinemetic viscosity. 
C=specific heat per unit volume. 
6=temperature of heating surface. 


Investigations by the E.R.A.* on the heat 
transference of transformer oils lead to the 
conclusion that 

Ww 6 # 0.3 
70% ( a« ) and this gives 


= 
W 0.77 / 0.23 1 0.54 
va(4) (%) G).. a 


It has long been transformer design practice 
to make use of an equation of the form 


0=p(4) ne 


when calculating the temperature of the 
windings, the resistivity p, depending upon 
the mean oil temperature, a general value 
being 89. 

Despite the close agreement between 
equations (12) and (13) as regards the index 
of the watts per square centimetre of surface, 
the author has not been able to derive satis- 
factory values of p, in terms of 0,, and W/A 
from the E.R.A.’s measurements. This 
might be due to the rather high wattage 
loading used by the E.R.A., a loading much 
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ter than is the practice with either 
transforiner cores or windings. 

The experimental curves given by Cock- 
croft! ave reproduced in Fig. 2, together 
with equation (13) with p,=89. Since the 
resistivity ps is temperature dependent, it is 





6, = 89(W) Pe 
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Fig. 2—The temperature conditions at the core-to-oil 
boundary 





necessary to express it as a linear relationship 
for the purposes of the thermal field analysis. 
Thus Cockcroft! writes : 


Ww 
0, -” 85 +p(-z) 


where, from Fig. 2, %=3 deg. Cent. and p, 
isa function of the oil temperature 9,,. In 
the present article it is assumed that p; 
is inversely proportional to 8, and has the 
form shown in Fig. 3. An equation such as 
(14) is satisfactory in practice for one is not 
generally concerned with values of 6, below 
10 deg. Cent. 

The choice of a suitable value for the fluid 
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Fig. 3—Variation of fluid thermal resistivity, p,, 
with mean oil temperature, 0 


thermal resistivity thus depends upon the 
thermal rating of the transformer. The 
British specification for power transformers 
operating in temperate zones permits a 
maximum oil temperature of 90 deg. Cent. 
based on an ambient temperature of 40 deg. 
Cent. The mean oil temperature rise can be 
taken as about 0-8 of the maximum oil tem- 
perature rise. This gives ®,—80 deg. Cent. 
and from Fig. 3, ps=70. 

Many high-frequency power transformers 
have to comply with the Inter-Service 
Specification R.C.S. 214. A “ category C” 
transformer has to operate at 70 deg. Cent. 
ambient temperature, no oil temperature rise 
is specified, but the temperature rise of the 
Windings is not to exceed 40 deg. Cent. It 
is unlikely that the mean oil temperature 
will exceed 30 deg. Cent., and this makes 
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®,=100 deg. Cent., 
and from Fig. 3, p; 


Transformers for 
high-temperature op- 
eration with silicone 
fluid could have a 
mean oil temperature %! 
around 150 deg. Cent. 
Data on the heat 
transference of silicone 
oils are scanty, but a 
figure of p,=70 would 
perhaps be reasonable. 

The Functions Pm 
and = @Q,,.—Knowing 


Fourier Coefficient m1 
° J > 
ae tee 


° 
ES 


the values of the 

thermal resistivities it 0-02 

is possible to find the | 
values of P,, and Q,. - | 
The Fourier coefficient Os: AO 20! 30 


n, as a function of the 
lamination half width 
a is given by the curves 
in Fig. 4 for the re- 
sistivity ratios 


pi/ps=3/70 and 3/55. 


In Fig. 5 the function P,,, derived from 
equation (2) is shown plotted against m, for 
ease in computation. The value of Qu 
should be calculated from equation (3). In 
theory the figure p, in equation (3) should 
differ from that in equation (4). For, since 
most of the core heat is conducted along the 
laminations, the flat surface of the lamination 
in contact with the fluid will be almost an 
isothermal line, whereas the edge surfaces 
will not. If, therefore, the mean temperature 
of these two surfaces in contact with the 
fluid differ, then so should the corresponding 
values of the fluid resistivity p.. In view of 
the possible inaccuracies in determining ps 
it seems reasonable to assume the same value 
for both surfaces. 

Given the thermal conditions of the trans- 
former, equations (6) and (7) can now be 
solved for 9; and 9, in terms of the lamination 
half width a, with the core cross-section ratio 
b/a as a parameter when the core loss in 
watts per cubic centimetre is known. 

50 c/s Power Transformers B.S. 171.—For 
this series of transformers the following data 
would normally be applicable :— 


6,,==80 deg. Cent. py=3. p,=160(core space 
factor 0-9). p,=70. 


w=0-017(1-0W/Ib). 
The curves in Fig. 6 for 6; and ®, have been 
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Fig. 4—Graphs of n,=p,/p, Cot n, a 


(1) p;/p,=3/70 
(2) p,/p,=3/55 


computed from these data for the ratios 
b/a=1-0, b/a=0-5 and b/a=0-25. The 
first ratio corresponds to a square core with- 
out any cooling ducts, the second to a core 
with a cooling duct at the core centre, and 
the third to one having three symmetrically 
spaced cooling ducts, the ducts being parallel 
to the plane of the laminations. 

The maximum temperature of the oil for 


TaBLE I—B.S. Conditions, w=0-017 at 50 c/s. 
0m+0,=105 deg. Cent. 
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Lamination temperature drop, 9 9-3 14 
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Oil oe temperature drop, 25 25 25 
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Mean oil temperature, deg. 80 80 80 
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‘aximum hot spot temperature, , 
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B.S. transformers is generally taken as 
105 deg. Cent., thus 
105=6,, +9, 
so that 6,=25 deg. Cent. Table I shows the 
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Fig. 6—Thermal conditions for 50 c/s transformer 
cores to British Standard 171 





218 


conditions applying to this fluid temperature 
limitation. 

Ordinary interlaminar insulation should be 
satisfactory for the hot spot temperature is 
less than 120 deg. Cent. 

It does not seem to be a practical proposi- 
tion to have more than three longitudinal 
oil ducts ; hence, for laminations wider than 
23in some form of transverse oil ducts must 
be provided. These often take the form of 
slots in the core laminations. It should be 
noticed from Fig. 6 how relatively inefficient 
ducts parallel to the laminations are com- 
pared with a transverse duct. A single trans- 
verse duct is, of course, equivalent to 
halving the value of the lamination width a. 

Much effort has recently been made to 
reduce the core losses of transformers by 
developing grain-oriented magnetic mate- 
rials. Consider, for example, the effect of 
having a core loss of 0-0136W/c.c. (0-8W/Ib) 
on the figures in Table I. It can be verified 
that with no duct the lamination width can 
then be increased from 144in to 18in and with 
one duct from 153in to 193in. Thus a 20 per 
cent reduction in core loss gives a greater 
gain than does the inclusion of a longitudinal 
duct. 

Power Transformers to R.C.S. 214.—The 
most interesting case of the application of 
this specification to power transformers 
occurs with 400 c/s units for aircraft power 
































40 T | T 8 

35+— 

30 5 
oe 
| 

4 
s 4 
fo $ 
& me 
£15 3's 
> 3 
= : 
~ 2 a 
5 uf 
oe | Py =55, P; =3, P, = 240 
Sa w=0171 & Om =100°C. 
0 eee - ee 





Half Lamination Width,a — cms. 


Fig. 7—Thermal conditions of 400 c/s transformer 
cores to R.C.S. 214 


supplies. Here the core would have lamina- 
tions 0-005in thick, with a space factor of 
0-85 and the core loss would be 10W/lb. 

Thus the data for thermal computation 
would be 


8m=100 deg. Cent. pj=3. p,=240(f,= 
p.=55. w=0-17. 


-0-85). 


Fig. 7 shows the values of 0; and 6, as 
functions of the half lamination width a for 
b/a=1-0 and 0-5. 

If the same figures for the maximum oil 
temperature as for a B.S. transformer were 
invoked, namely, 105 deg. Cent., then 6,= 
5 deg. Cent., which would be a serious limit 
to the lamination width. In view, however, 
of the shorter life expected from Service 
transformers and the rather unlikely con- 
dition of continuous operation at maximum 
ambient temperature on full load, it is 
generally assumed that the figure can be 
raised to 115 deg. Cent. This gives 4, 
=15 deg. Cent. and Table II shows the 
corresponding limits. 

This table shows the maximum hot spot 
temperatures to be satisfactory and the 
thermal drop along the laminations negligible 
compared with that of the oil boundary. It 
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also shows how valueless are longitudinal oil 
ducts. 

Transformers for 400 c/s are thus very 
limited by the thermal conditions which 
explains the reason for invariably designing 
high-frequency transformers to operate at 


TABLE II—R.C.S. 214 Conditions, w=0- 17 at 400 c/s, 
6m+6,=115 deg. Cent. 





Core ratio, bja 1- 0-5— 
Lamination width,2a ... ... 3cm (1 fin) | 3-9cm (14in) 
OE ere 0- 0-6 
GM MONS es 50. cee ote 15 15 
a ee ee 100 100 

in, deg. Cent. 115-5 115-6 








flux densities below the magnetic limit of the 
material. 

While such a procedure was reasonable 
when cores were constructed from stampings 
in which transverse cooling ducts were not 
possible and when there were no suitable 
high-temperature fluids, there is now much 
less justification for limiting the flux density 
on thermal grounds. Cores wound from 
magnetic tape, such as the C cores, can easily 
have transverse ducts, giving edge cooling of 
the laminations. Silicone oil can be used as a 
cooling fluid at least for transformers for 
power frequencies above 1000 c/s.* This oil 
can be employed at temperatures up to 
180 deg. Cent. permitting values of 6, of at 
least 30 deg. Cent. 

Cruciform Core Sections.—The investiga- 
tions in this article apply to cores of rect- 
angular section. Many transformer cores 
have cruciform sections, which are not 
amenable to theoretical analysis. It appears 
reasonable to assume an equivalent rect- 
angular section. For example, for a cruciform 
core having a core circle diameter of D the 
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equivalent square core would have sides 
0-85 D square, i.e. the mean between D and 
0-71D. 


CONCLUSIONS 


The analysis of the thermal conditions in a 
laminated core has brought out the diffi- 
culties of accurately estimating the thermal 
stresses. Nevertheless, certain important 
conclusions can be formulated. 

(1) The temperature drop at the fluid-to- 
core boundary is a far more important 
limiting factor than the temperature drop 
through the core and becomes increasingly 
more important as the supply frequency 
increases. 

(2) Cooling ducts parallel to the lamina- 
tions (longitudinal ducts) are not very 
effective. Cooling ducts at right angles to 
the laminations (transverse ducts) are. 

(3) Longitudinal ducts are more easily 
provided in cores constructed from stampings 
and strips than are transverse ducts. 

(4) Transverse ducts can easily be pro- 
vided in wound tape cores, such as the 
“e Cc type ” 

(5) Improvements in the watts loss of the 
core material which has taken place in the 
last few years should enable larger cores to 
be built without the need of cooling ducts. 

(6) There seems a good case for using 
silicone oil as a cooling fluid for high- 
frequency transformers. 
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Face Milling Titanium 150A 


By L. FINE,* and F. MENELAUS+ 


A communication received from Messrs. L. Fine and F. Menelaus describes an 
inserted blade face milling cutter which was developed by William Jessop and 


Sons, Ltd., 


in co-operation with Short Bros. and Harland, Ltd., for use in 


machining titanium 150A. Machining tests using the cutter on small titanium 
components are also described. 


T= introduction of titanium and its alloys 
has presented many unusual machining 
problems and even now comparatively little 
is known about the milling of titanium alloys in 
general. For this reason William Jessop and 
Sons, Ltd., and Short Bros. and Harland, Ltd., 
co-operated to develop face milling cutter 
designs and techniques for titanium, the results 
of which have been very encouraging. Con- 
sultations between the two companies led to 
the modification of a special cutter having unusual 
tool geometry, originally developed by William 
Jessop and Sons, Ltd., and having inserted 
blades made from ‘“ Cutanit” carbide. This 
cutter is illustrated in Figs. 1 and 2. 

Initial trials with the cutter yielded valuable 
data. During its first run on a milling machine 
the cutter removed 15 cubic inches of metal 
from a number of small titanium components. 
The workpieces were not particularly suitable 
for the trial as they were awkward to grip and 
their shape and size in relation to cutter dia- 
meter was far from desirable. Even so the 
cutter showed no signs of strain and remarkably 
small width of wear land under bad machining 
conditions. Speed during these initial trials 
was 125ft per minute. The depth of cut varied 
between 0-125in and 0-175in and the feed was 
0-002in to 0-003in per tooth (2-5in per minute). 

Although the fire risk when taking finishing 
cuts on this material is considerable, and the 
risk becomes greater as the cutting edge deterio- 
rates, the experimental cutter was deliberately 
tested until the cutting edges had been destroyed. 

* Carbide Development Engineer, Wm. Jessop and Sons, Ltd., 
J. J. Saville and Co., Ltd. 


Tool Development Engineer, Short and Harland, Ltd., 
Belfast. 





No fire occurred nor was the amount of sparking 
excessive. All cutting was done dry and heating 
of the tool and workpiece appeared to be small, 
and the chip did not appear to be oxidised. 

Following these results, further modifications 
were made to the cutter, after which it was 
possible to machine to within a tolerance of 
0-002in with ease. Surface finishes were of the 
order of 25 to 30 micro inches C.L.A. and 
throughout this and succeeding tests similar 
surface finishes were obtained. 

Various combinations of speed, feed and depth 
of cut were tried. Typical performance figures 





Fig. 1—Cutter for face milling titanium 150A 
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were 250ft per minute 
at a feed of 10in per 
minute (0-005in tooth 
load). The depth of cut 
was 0-025in to 0-05in 
and the cutter removed 
20 cubic inches of metal. 
The wear land, which 
was remarkably uniform 
on all the carbide blades, 
was of the order of 
0-015in. The cutter was 
reserviced at this stage 
whilst waiting for further 
supplies of material and 
in preparation for further 
experiments. It is con- 
sidered probable that in 
the normal course of 
events a total of about 
40 cubic inches could 
have been removed be- 
fore the cutter needed 
reservicing. Heavier cuts 
have been taken but 
there was insufficient 
material at this stage to 
ascertain the life of the 
cutter. Typical roughing 
conditions used up to the 
present are 0-15in depth of cut, 125ft per minute 
and 7ft 6in feed per minute (0-0035in tooth 
load); the surface finish being in the region 
of 80 to 120 micro inches C.L.A. 

During all these machining operations no 
apparent vibration was set up by cutting action, 
a contributory factor being the rigidity of the 
machine tool. This emphasises the fact that if a 
good tool life is required with a good surface 
finish, a heavy machine tool with plenty of mass 


in the main frame and table must be used with ° 


such a cutter on titanium. It is also desirable 
to use machines having infinitely variable table 
feed rates so that tooth loads can be reduced 
as the cutter enters and leaves the workpiece. 
The risk of premature crumbling of the cutting 
edge can then almost be eliminated. 


CUTTER GEOMETRY AND DESIGN 


In order to eliminate all brazing stresses solid 
carbide blades were used in the cutter and were 
held in place by mechanical clamps. The 
method of mounting and clamping the blades 
was such that various combinations of cutting 
angle could easily be ground upon the ends of 
the blades. A tough grade of “* Cutanit ” carbide 
was used for the blades in order to preserve 
meg¢hanical strength at the cutting point. The 
blade material used contained no titanium carbide 
as from results obtained when turning it appeared 
that chips from titanium 150A had a chemical 
affinity during machining for carbides containing 
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Fig. 2—Sin diameter experimental inserted blade cutter for face milling titanium 
150A. A zero axial rake on the cutter was initially modified to 12 deg. 
rake for the first trial and subsequently modified to 20 deg. 


mixed crystals of tungsten carbide and titanium 
carbide. 

A radial rake of 20 deg. was adopted as a 
convenient starting point when designing the 
cutter. The axial rake first used on the cutter 
was zero, but as a result of tests on heat-resisting 
and work-hardening materials, the axial rake at 
the time of the initial tests was increased to 
12 deg. positive. For a second set of trials it 
was increased to 20 deg. and the approach angle 
was maintained at 40 deg. to 50 deg. throughout 
all the trials. The cutter research was restricted 
to face milling and further investigations now 
being planned may involve approach angles 
which make the cutter suitable for working close 
to a shoulder. 

In order to obtain good finish a land between 
0-06in and 0-03in wide was ground on the 
bottom of the tooth form, care being taken to 
maintain this land at 90 deg. to the axis of the 
cutter. A dish angle of 7 deg. provided support 
and backing for this land, whilst the primary 
clearance was 0-03in at 4 deg. and the secondary 
clearance was 7 deg. to 12 deg. 

Titanium 150A has a poor thermal conduc- 
tivity and local distortions may occur if con- 
siderable heat is generated by heavy cuts. In 
order to maintain high feed rates with light tooth 
loads and also to minimise shock loading and 
spindle oscillation as teeth enter and leave the 
workpiece, it was necessary to insert a large 
number of teeth in the cutter. For example, a 
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forty-tooth cutter at 0-003in tooth load will 
move through 0-12in per revolution, whilst a 
standard cutter having perhaps fourteen teeth 
would need a tooth loading of 0-009in in order 
to achieve the same feed. During a wide variety 
of tests feeds of 0-009in gave poor surface 
finishes. As a high degree of finish was essential 
on the work undertaken during the investigations 
heavy feeds were ruled out during the initial 


stages. 

A 14in diameter cutter having forty blades is 
now being produced jointly by Short and Harland 
and William Jessop and Sons, Ltd. The basic 
design is different from that of the experimental 
cutter, but it incorporates the cutting angles 
which experience has shown to be satisfactory. 

The titanium 150A workpieces used in the 
tests were hot rolled by William Jessop and Sons, 
Ltd., and after machining their hardness figures 
varied between 356 V.P.N. and 400 V.P.N. 
Hardness figures of the scale on the parts were 
as high as 425 V.P.N. and a chamfer was rough 
ground on each component having scale at the 
point where the cutter entered the work. Although 
titanium 150A work hardens during manipula- 
tion there was little evidence of work hardening 
due to face milling operations. 





Precast Concrete Building Frame 


A Two-sTOREY extension has recently been 
built over an existing three-storey building in 
Acton, using a structural frame formed primarily 
of precast elements. The building is the furniture 
depository of Waring and Gillow, Ltd., and 
covers an area of 220ft by 97ft. 

The structure of the extension consists first, of 
precast columns, two storeys in height, cast 
as shown in the left-hand diagram a of the accom- 
panying illustration. A welded steel lattice, 
mechanically independent of the column rein- 
forcing bars, is cast in at the intermediate floor 
level, over a constructional gap of 2ft 6in ; 
primary and secondary beams are joined to the 
column at this point, the joints being arranged 
so that no haunches are needed. The interior 
columns are 26ft 6in in height, and 12in by 12in 
in cross section. The column grid follows 
the positions of the columns in the existing 
building below, generally giving spacings of 
16ft to 20ft between columns, but there are 
40ft runs of uninterrupted floor space on the 
upper floor of the extension, so some of the 
columns are only one storey in height. The 
columns on the edges of the building are 9in 
by 15in in cross section, and have a cut-away 
section at the intermediate floor, and not a 
complete gap in the concrete, as shown in the 
illustration at b and c. 

A combination of in-situ concrete and pre- 
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(d) Junction of single-storey interior column with fourth floor primary and 
secondary beam units. 


Details of columns, beams and joints of two-storey precast concrete building frame 
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casting is fe nd ior See beams. Such a 
system has been shown by some authorities to 
have economic. advantage, only the tensioned 
zone of the beams being precast ; thus all the 
prestressing (or tensile reinforcement) can be 
concentrated in the precast element, which also 
replaces shuttering, while still allowing the 
compressive zone to be constructed, relatively 
cheaply, in situ. The primary beams thus consist 
of precast prestressed elements, 12in wide by 
only 9in deep, with stirrups cast into them to 
bond with the in-situ work above, comprising 
the rest of the web to the full depth of the beam 
of 2ft 6in and a flange 3ft wide. The secondary 
beams also are partly precast and prestressed, 
with elements 12in wide by 15in deep, which 
are hollow. At interior columns, the primary 
beams rest on the column cut-out, and the 
secondaries rest on the primaries, as shown 
at (d). “Bison” hollow precast floor slabs 
are placed over the secondaries, and the whole 
assembly can then be completed by in-situ 
work. The flanges of the secondaries are 32in 
wide and are tapered, being formed by 
the ends of the floor slabs. There must, of 
necessity, be slightly varied arrangements at 
special positions, such as edges and corners. 
The diagrams (5) and (c) illustrate assembly at a 
junction of an edge column with fourth-floor 
primary and edge beams; although a special 
position is shown, the junction is typical of the 
system as a whole. The precast beams must, 
of course, be propped before the in-situ con- 
struction is carried out, and simple shutters are 
needed to form the upper parts of the webs and 
the flanges of the primaries. 

The extension at Acton also included con- 
struction of a lift shaft extension, and of a canti- 
levered canopy at ground level, involving 
removal of an external wall, to form a loading 
annex. The two-storey frame was erected in 
fifteen weeks. The consulting engineer was Mr. 
W. A. Mitchell, and the general contractor on 
the site was Haymills, Ltd.; however, the manu- 
facture and erection of the concrete frame 
described in this article was a sub-contract 
carried out by Concrete, Ltd. 





Germanium Rectifier Equipment for 
the Cinema Projector Arc 


THE accompanying illustrations show a 
germanium rectifier specially designed for supply- 
ing power to the arc lanterns of cinema pro- 
jecters. It has been developed by the British 
Thomson-Houston Company, Ltd., Rugby, in 
response to demands for greater light output 
from the projector lantern, to maintain the same 
brightness on the large cinema screens of to-day. 
Because of the low forward volt drop of the 
germanium rectifier the overall efficiency from 
the mains to the arc is 91 per cent and the 
required increase in output is obtained without 








condensers 
short-circuited by the contactor CR1 when the equip- 
ment is switched on 


a corresponding increase in the size of the 
equipment. 

The main components of the equipment are 
shown in the simplified circuit diagram (Fig. 1) : 
they consist of a three-phase full-wave germanium 

unit, W,, a double-wound step-down 
transformer, 7;, ensuring that the d.c, output is 
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isolated from the mains, and series condensers 
Ci, Cz and Cs, connected in the primary circuit 
of the three-phase transformer to stabilise the 
arc and give the leading power factor. 

The three-phase a.c. supply is applied to the 
primary of the transformer through the con- 
densers. Besides stabilising the arc, the imped- 
ance of these condensers prevents heavy currents 
flowing through the rectifier when the arc is on 
short circuit ; tests indicate that when the 
rectifier is connected to give 110A at 56V, the 
short-circuit current is limited to 150A. By 
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Fig. 2—Regulation of arc voltage/load current 
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using capacitors in the primary circuit of the 
transformer to stabilise the arc, a leading power 
factor is obtained so that the leading kilovolt- 
amperes of the reactor will cancel out the lagging 
kilovolt-amperes taken by other equipment in 
the cinema. The rectifier thus behaves as if it 
were a power factor correction unit. A graph 
illustrating the voltage and current regulation 
with the series condensers set to a particular 
value is reproduced in Fig. 2. 

The secondary winding of the transformer is 
connected to a three-phase full-wave rectifier 
made up of six germanium elements. This 
arrangement enables the ripple voltage on the 
d.c. output to be kept to a minimum, at the same 
time increasing the ripple frequency to 300 c/s, 
thereby making smoothing easier. When the 
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rectifier is for use with a projector equipped for 
the reproduction of magnetic sound, an external 
choke is supplied to reduce the ripple voltage 
to as little as 0-6V, r.m.s.—a figure that has been 
found desirable to keep hum to an acceptable 
level. The three resistors (Ri, Ro, Rs) are con- 
nected in series with each of the three stabilising 
condensers to prevent surges when switching 
on, and these resistors are short circuited by a 
contactor (CR1) soon after the lantern arc 
strikes. 

Telephone and radio interference from 
germanium power rectifiers is no greater than 
that from other types of cinema arc rectifiers. 

The cubicle shown in Fig. 3 is designed to 
supply one arc and give a continuous output of 
110A d.c. at 56V, but when used on a duty 
cycle of, twenty minute on, twenty minute off, the 
current rating may be increased, the amount of 
increase depending on the supply voltage. The 
minimum output is 75A at 48V. 

Tapped connections are provided on the three 
stabilising condensers to vary the output current 
over the full working range of 75A to 110A. A 
“‘ Low-Normal-High ” switch can be supplied 
(as shown at the top of Fig. 3) to give a +5A 
variation in d.c. output current whilst the 
rectifier is on load. Alternatively, the output 
may be stepped up, by any fixed amount within 
the rating of the carbons being used, by means 
of a remotely controlled contactor. 

The equipment is housed in a ventilated cubicle, 
weighing 700 lb complete, and measuring 27in 
wide by 164in deep by 57in high. The large 
rectifier transformer weighing 350 1b is shipped 
separately to reduce the weight of the cubicle 
in transit, but it is fitted with rollers so that it 
can easily be pushed into position and secured 
in the base of the cubicle when on site. Wires 
terminating in solder lugs are readily connected 
to the transformer. The equipment is designed 
to comply with the relevant British Standard 
Specification and Home Office Regulations. 





British Standards Institution 


All British Standard Specifications can be obtained from the 
Sales Department of the Institution at 2, Park Street, London, W.1. 


STEEL PLATE, SHEETS AND STRIP 


No. 1449 : 1956. Price 6s.—This standard super- 
sedes the first edition which was published in 1948 
to replace B.S. 5006, B.S. 5007, B.S. 725 and B.S. 847. 
It thus provides a comprehensive schedule of steels 
in the form of plate, sheet and strip for use in the 
automobile and general engineering industries in the 
same way as was done for steel bars, billets and 
forgings by the issue of B.S. 970. The new edition, 
which is associated with the recently issued revision 
of B.S. 970, brings the requirements up to date. 
At the same time it has been designed to cover the 
requirements of the Services as far as they are com- 
patible with those of industry in general. A notable 
addition is provision for non-strain-age embrittle- 
ment quality of certain low carbon materials. En60 
and En61, which cover 17 and 20 per cent chromium 
rust-resisting material, have also been added. 


DIMENSIONS OF IMPULSE MAGNETOS 
(UNSCREENED AND SCREENED) 


No. 2688 : 1955. Price 5s.—This new specification 
applies to the dimensions of base-mounted and 
spigot impulse magnetos for internal combustion 
engines as follows :—{a) “P” type base-mounted 
impulse magnetos (unscreened — screened) ; 
(b) “T” type base-mounted impulse magnetos 
(unscreened and screened) ; (c) “y és type spigot- 
mounted impulse magneto (unscreened and screened). 
The a deals only with the dimensions of 
unscreened and screened impulse magnetos necessary 
to ensure interchangeability. B.S. 2688 also applies to 
impulse starters separate from, and constituting an 
attachment to, standard magnetos to B.S. 1620 and 
B.S. 5027. Tables of dimensions and tolerances, 
together with illustrations of typical impulse magnetos 
and impulse starters are included. 


PLAIN HARD-DRAWN STEEL WIRE FOR 
PRESTRESSED CONCRETE 


No. 2691, Part 1:1955. Price 2s, 6d.—This 
standard is the first part of a projected series of 
specifications for steel for prestressed concrete. It 
sets out the technical requirements for the supply of 
high-tensile hard-drawn steel wire in six recommended 
sizes. and peste — strength ranges up to 140/150 
tons per square inch 
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Work Design and Training for 
Future Skills 
By N. H. MACKWORTH, M.B.Ch.B., Ph.D. 
No. I 


In his 1955 Sir Alfred Herbert paper, delivered 
before the Institution of Production Engineers 
on February 9th, and from which abstracts are 
here printed, Dr. Mackworth considered, first, 
what is known about human fallibility in relation 
to inspection processes. He went on to consider 
the kinds of operations likely to be imposed upon 
human beings by the coming of automation, and 
to discuss the training of maintenance workers 
and the future supply of electronic staff. 


SOME important work related to human per- 
formance in a continuous regulation task has 
recently been done by Siddall and Anderson 
(1955). They tested twenty-one people on a 
simple form of work in which the operator had 
to prevent a mark from moving away from a 
given setting by turning a handwheel at a fixed 
speed. The men working at the task were all 
keen, and found no difficulty in producing error- 
free runs, provided these lasted for only ten 
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Fig. 1—Mean number of errors against time 


minutes or so. But two-hour runs gave a very 
different picture. Figs. 1 and 2 show that the 
average amount of errors and also their duration 
rose steeply during the period of work. There 
were large differences in ability at this work, 
but the best men at the start of the spell were 
also the best in the last half-hour. 

Siddall and Anderson interpret these changes 
as being due to the markedly continuous nature 
of the work. It is known that the relative absence 
of change in the sensory input has harmful 
effects on human achievement. Here, for 
example, it is possible that one such effect was 
the appearance of short gaps in visual perception, 
so that the operator became less alert from time 
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Fig. 2—Mean of mean time per error against time 


to time, with the result that his accurate regula- 
tion of the control occasionally failed for a 
moment or two. The authors are, however, less 
convincing in their attempt to argue against 
the other possibility that part at least of this 
performance decrement was due to an increasing 
muscular fatigue. (This point will be taken up 
in the following section.) 

It. is undeniable that work of this kind can 
often be done more successfully by entirely 
automatic sensing 3; a good _fxample : 
given in the Sargrove and er ag paper, to 
illustrate how even rapid changes in the thickness 
of extruded polythene cable could be auto- 
matically controlled to within about +0-002in 
by an electronic micrometer deviation measuring 
head. There is the other side of the picture, 


* References with an asterisk are taken from The Automatic 
Factory—What does it mean? “Beport of the Institution of 
Production Engineers Conference at » 1955. 
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however. Just as the experimental psychologist 
should draw attention to jobs that are really 
better tackled by machines—so it would be 
useful if the engineer could indicate at an early 
stage in development any specially difficult 
inspection tasks which humans have to undertake 
ee machines can yet be devised to do 
wor 


CONSECUTIVE INSPECTION FOR MISALIGNMENTS 


Siddall and Anderson (1955) may well be 
right in emp the possibility that an 
explanation of their results is more likely to be 
related to difficulties with the human input side, 
i.e. when their work is taken together with some 
recent unpublished work by Saldanha (1955). 
The evidence here is that similar changes do 
occur during a two-hour period in which people 
were doing an exacting visual task which had the 
minimum of muscular effort. The eighteen 
men investigated were setting a vernier calliper 
gauge by a handwheel to the nearest one- 
thousandth of an inch, a whole series of readings 
being provided. Accuracy and speed were 
stressed as requirements at the start of the test. 

Fig. 3 shows the average progressive deteriora- 
tion in accuracy during the two-hour test—an 
error increase of 64 per cent from start to finish. 
During the first hour there was little change in 
the speed of work, but this rose slightly in the 
second hour so that the men were now working 
11 per cent faster. Again, there were marked 
differences in ability at the task itself, despite 
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Fig. 3—Progressive increase in error during repeated 
vernier settings 


the fact that all the subjects (who were either 
engineering students or sailors) had to reach an 
average accuracy of not more than +0-000S5in 
before being tested. 

It is interesting that accuracy can fall off in 
the vernier setting because it is hardly conceivable 
that muscular fatigue could have caused the 
decrement here. The small light handwheel was 
moved to a new setting only once every twenty 
seconds or so. Secondly, it is interesting that 
this decrement was found despite the fact that 
the task provided by Saldanha was not con- 
tinuous ; the next signal in the series was not 
dependent on the previous response. Siddall 
and Anderson (1955) have made the suggestion 
that the term consecutive task might usefully 
be applied to such forms of work which involve a 
series of independent signals. Here the operator 
has slightly more changes in his environment 
per unit of time than he has in the continuous 
task. Thirdly, Saldanha has shown that decre- 
ment can occur to a marked extent in a con- 
secutive task even when the operator is himself 
setting the pace. Broadbent (1953a, 6 and c) 
has shown that these self-paced jobs are less 
likely to lead to effects which are due to these 
momentary lapses of attention, simply because 
slack moments can quite unconsciously be 
arranged in the work to et with such gaps 
in effective visual 

Other research by ad (1955a and 5) and 
by Mackworth and Mackworth (1956a) has 
shown, however, that it is of real importance 
from a production point of view, apart from 
the question of fatigue, to avoid the rigid 
time spacing of successive events created by a 
conveyor belt. When the inspector has no store 
of articles waiting to be inspected he must take 

the same time on each object. This is an 
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On the other hand, os eas 















































221 
0 a Sere a bey 
Level of Complete Efficiency 
be 
§ /0 
VU 
& 
: IS XC! 
3 20 ~ 
= Two-hour Watch 
3 \ (Control group) 
5 25 
g Qa 
& C3 ~~~~~$.04 
= 30 
35 
First Second Third Fourth 
Half Hour —_— Half Hour Half Hour Half Hour 
Time of Test 
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Fig. 4—Clock test 1 


difficult situation is produced if a number of 
belts or machines has to be dealt with at the same 
time, for such a situation is liable to require 
bursts of high-speed activity too fast for the 
operator, followed: by quiescent periods during 
which he is not required to do anything. If the 
machine speed is kept down to a level at which 
the maximum speed can be followed, then much 
time is wasted. Conrad (1955a) found an 
instance in which inspectors were working at 
half their possible speed because they were tied 
to this unvarying pattern of one item at a time, 
each object arriving after a given number of 
seconds ; they were not provided with a waiting 
store of objects from which they could draw 
their material. 


CONSECUTIVE INSPECTION TO DETECT SPORADIC 
DEFECTS 


The case for the introduction of fully auto- 
matic inspection is strong, but for some years 
yet highly skilled inspectors.will be “* ceaselessly 
engaged in inspecting tens of thousands of good 
products and searching, with difficulty, for the 
few defective products which occur from time to 
time and contaminate the product.” Sargrove 
and Huggins* also rightly emphasise “ the 
fallibility of human inspectors under the hypnotic 
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effects of endless repetitive examinations of a 
mass-produced article, the bulk of which is 
correct anyway.” The importance of any 
change in the standard of work accepted by 
human inspection is, however, very great, 
especially when those producing the articles 
under inspection are working under a bonus 
scheme. 

Wartime studies emphasised that it would be 
all too easy to pass over the faintly visible elec- 
tronic signals coming from an enemy submarine ; 
these might last for only a few seconds on an air- 
borne radar set and the highest possible vigilance 
was needed to pick out these very infrequent 
little points of light. Operational results from 
the real task confirmed the laboratory findings 
that such alertness could only be obtained if the 
length of the working spell was kept as short as 
half an hour (Mackworth, 1950). This result 
was equally applicable to looking (Fig. 4) and 
listening (Fig. 5). It seems reasonable, therefore, 
to conclude that this was an effect in the brain 
itself, rather than in the sense organs, especially 
as a half-hour rest was sufficient to keep the 
visual work accurate (Fig. 6). 

New research work is needed on the type of 
work which can successfully be alternated with 
inspection tasks to keep inspection alertness 
high. It is the practice in many industries to 
change over from inspecting to, perhaps, pack- 
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ing, but the most effective working arrangements 
are not yet known, neither the nature of the 
tasks that go well together in this way, nor the 
optimum working spell for each of the tasks. 
Pairs of jobs could be considered not only to 
avoid a falling-off at the end of the working spell 
—but also, if possible, to obtain a quick start to 
the work at the beginning of the spell ; there is 
often a warm-up spell lasting a few minutes or 
so, even with inspection work (Mackworth, 
1950). 

People develop a remarkable ability to detect 
slight deviations from the standard object. It is 
possible to underestimate the potential skill of 
human beings, given the correct working arrange- 
ments. In one day, trained people can accurately 
read hundreds of chest X-rays or inspect 
thousands of bullets for flaws. They may let 
some defects pass, but they show such skill 
already that slight alterations in working con- 
ditions may lead to almost perfect accuracy. One 
possible line of research is to consider how far it 
might be possible to reduce the regularity in 
time of the signals that have to be neglected in 
the work or its surroundings. Some recent 
unpublished work by Wilkinson (1955) suggests 
that this may definitely handicap an operator 
trying to reach a high degree of accuracy. 

Since both high atmospheric temperatures 
(Mackworth, 1950). and continuous loud noises 
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(Broadbent, 1953 and 1954) have a marked effect 
on inspection accuracy during spells of work 
lasting more than a few minutes, it may become 
important to consider whether there are any 
other forms of stress which are also likely to be 
specially harmful. The recent Annual Report of 
the Chief Inspector of Factories suggests that 
automation will increase the amount of shift 
working in this country because expensive 
machines must be kept running as continuously 
as possible (Anon., 1955). This extra shift 
working raises at least two questions:. (1) 
whether inspection work is particularly difficult 
at any time of day or night, and (2) whether 
inspection work is affected by lack of sleep. 
Research has been started by Pepler (1955) and 
by Wilkinson (1955) on these two problems. 


MONITORING AUTOMATIC MACHINES FOR 
EMERGENCIES 


Wartime experience underlined the obvious 
fact that an aircraft is an extreme example of a 
work-place where work is machine paced and 
monitoring can be remarkably difficult at times. 
Part of these difficulties came from circumstances 
which are likely to become more usual in industry 
as automatic processes are more widely intro- 
duced. This is the rather paradoxical situation 
when critical and vitally important events 
demanding action within a few seconds may be 
spaced over enormous stretches of time ; several 
months could elapse between the submarine 
contacts already mentioned. 

This requirement of being so alert that one can 
snatch up the rare event before it is too late is 
bound to be a hard proposition for human 
beings. The problem is acute when there is a 
time limit for effective control. The chemical 
industry has examples of automatic machinery 
which will deal with the normal situation but 
which also provides a visual display of some kind 
to report the present situation. At the earliest 
possible sign of any unusual changes developing, 
the operator has to step in and operate manually 
some controls before a given irreversible change 
occurs in the product. Although this alarm may 
not occur in a given chemical plant more than 
once or twice a week, if these warning signals are 
neglected for just an extra few seconds then a 
most expensive loss of product may occur. 

One possible suggestion is that perhaps in 
some cases it would be economically worthwhile 
to develop displays which show not only the 
present position, but which give a predicted 
picture of the events. Taylor and Birmingham 
(1954a) have demonstrated the value of the 
“* quickened displays ’” which forecast what will 
be the end result a few seconds ahead of the 
present, if manual controls are held in the same 
position as they are now. Obviously, if this can 
be done, it might be better to have a fully auto- 
matic system. There could be instances, how- 
ever, in which the saving of a few seconds in this 
way by quickened displays, plus, perhaps, an 
auditory warning, would be all that was needed 
for complete success, even with the human in 
the control loop. For example, Broadbent 
(1950) has found that prolonged watch-keeping 
in multi-dial situations did not show any dete- 
rioration over two hours if the occasional signals 
for action were shown in the form of a new 
pointer reading or a steady light which remained 
there on the display until the operator manually 
corrected the dangerous setting. Broadbent 
(1953a, b and c) draws the important conclusion 
from this finding that the average alertness of the 
individual does not change with time during 
prolonged work, but that the level of alertness 
varies more and more about this average from 
moment to moment. The lapses in attention 
mentioned above become more common, but 
each one lasts perhaps only for a second or two 
at a time. Therefore a warning signal which 
waits even a little while for the operator to 
respond will not pass unnoticed. These extra 
few seconds could be provided before each dead- 
line by a display which is predicting events rather 
than just reporting them. 

Continuous inspection and control may, how- 
ever, be quite beyond human beings when manu- 
facture must be very fast, especially if little varia- 
tion is permissible in controlling the output. 
Automatic inspection must also be. introduced 
when the worker runs a risk of personal injury, 
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as, for example, in work with atomic substances. 
Economic reasons will press forward develop- 
ments in inspection when special automatic 
machines have to be used and these are liable to 
damaage either themselves or some costly product, 
such as an aero-engine if they continue running, 
after a breakdown (Williams*). 

The monitoring of special machines which are 
themselves doing a good deal of automatic 
sensing is clearly going to be more usual in 
industry. Graves*, of the Austin Motor Com- 
pany, has shown how much has already been 
done in this country to introduce automatic 
machinery in the car manufacturing industry. He 
points to a danger which must be faced that “‘ the 
more automation is introduced into the factory 
the greater the risk of a breakdown in any one 
unit, stopping the whole production of the 
factory until the fault is repaired. Every effort 
must be made to make the machines as efficient 
as possible. The Americans claim efficiency 
figures of 75 to 80 per cent, Our experience 
varies from 65 to 80 per cent.” Bezier*, of the 
Renault Company, underlines this by emphasis- 
ing that the more expensive the plant the less 
time it must remain idle. He also quotes similar 
figures and again he too estimates the down- 
time for automatic transfer machines at 20 per 
cent of the working time. Tool changing is the 
normal cause of machine stoppages. Some of it 
is due to periodic tool changing, but tool break- 
ages do sometimes occur to give automatic 
warning to the operator. Perhaps some of these 
tool breakages could be prevented and down- 
time reduced if, as Sargrove and Huggins* 
suggest, it became possible to detect fault trends 
in the general wear and tear on machinery and 
tool tips. A human monitor can then quickly 
replace a faulty tool before it has damaged either 
plant or product provided he remains alert and 
has a good warning system. 

Bezier* is especially interesting in his views on 
the requirements for workers supervising special 
automatic machines. Safety devices automatic- 
ally check the machine settings and tool con- 
ditions. The operator’s work is therefore easier 
in many ways, but it has been made more difficult 
in another very important respect because there 
has often been an increase in his responsibilities. 
Lack of attention may lead to very damaging 
effects to the special machine mechanisms, much 
more so than to those of standard machines, 
where the price is but a fraction of that of the 
special machine. ‘‘ One has to depend upon the 
attention of the operator to detect any imminent 
failure of his safety devices and thus prevent a 
severe accident. To allow him to give his full 
attention to the working of the machine increasing 
care is being taken to avoid all physical fatigue.” 

It is significant that no mention is made of any 
special effort to design really effective warning 
signals which say what is wrong rather than 
sound a general alarm. Much work has been 
done for pilots on electronic warning devices 
which call out the nature of the danger from a pre- 
recorded tape (Forbes, 1952). Perhaps some 
particularly valuable or dangerous plant or 
product would justify similar devices for civil use. 
This is not simply a matter of ordinary seeing 
or hearing, but of securing immediate and 
correct action within a second or two at any 
time during a working spell lasting several hours. 

Such monitoring tasks do exist and are becom- 
ing a problem in another way because they make 
it difficult to decide what is a fair day’s pay. 
Physical effort is far easier to assess than mental 
effort. Investigations are needed on the elements 
of this question. For example, what are the 
demands made by various monitoring tasks in 
terms of the abilities they leave unused for other 
simultaneous standard tasks? Taylor and 
Birmingham (19545) have shown in continuous 
manual control that the human can undertake 
many more simultaneous activities if the work is 
redesigned. Perhaps this provides a way of 
assessing the demands of these new forms of 
inspection work. The method would obviously 
be rather crude, but it might be useful even if it 
could grade real inspection work tasks without 
any doubt into one of five levels, i.e. in terms of 
the mental demands of work situations ranging 
from simple pointer following to complex 
machine supervision. 

(To be continued) 




















_Abmerican Section 


THE ENGINEER 


American Gas Turbines in 1955 


BY OUR AMERICAN EDITOR 


Ts major American manufacturers of gas 
turbines continued during the past year to 
concentrate on the production, in considerable 
numbers, of relatively simple engines. It is of 
interest to note that the first municipal gas 
turbine-electric generating plant went into 
operation in the United States during 1955. The 
city of Larned, Kansas, obtained this 1250kW 
unit from the Westinghouse Electric Corporation. 
The turbine operates at 8750 r.p.m. and is con- 
nected to the 1563kVA, 1200 r.p.m. generator by 
a single-reduction, double-helical gear. For full 
operation 28,000 cubic feet per minute of air is 
drawn in by the axial air compressor and com- 
pressed to 53 Ib per square inch gauge. Fuel is 
admitted and burned in the combustion chambers 
to heat the compressed air to 1250 deg. Fah. This 
hot gas expands through the gas turbine and is 
then exhausted to atmosphere at 780 deg. Fah. 
The unit is of the simple open-cycle design, is 
35ft long, 6ft wide, 6ft high, and weighs only 
41,000 Ib. It is equipped with a dual-fuel 
system that allows the burning of either natural 
gas or distillate oil. Either fuel can be used for 
starting up and a fuel change-over, under load, 
can be made by the manual operation of switches 
on the control board. This unit is said to be the 
first installation in America of a gas turbine for 
electric power generation that can change over, 
under load, from gaseous to liquid fuel and back 
again with no effect upon load. 

The General Electric Company continues to 
produce the largest number of simple gas 
turbines and received several interesting orders 
during 1955. One of these orders calls for the 
installation at the Plant Electrica power station 
of the Groupo Industrial in Monterrey, Mexico, 
of two 16MW gas turbine-electric generators. 
These units will be the largest yet manufactured 
in the United States and will be of simple 
open-cycle, single-shaft design. They will use 
natural gas fuel and will use the exhaust gases to 
generate process steam in heat recovery boilers. 
An important order for fifteen 8500 h.p. gas 
turbine-electric locomotives was placed with the 
General Electric Company by the Union Pacific 
Railroad at the end of November. The loco- 
motives have been designed to achieve a maximum 
speed of 65 m.p.h., will have an overall length of 
166ft and a weight of 370 tons. The gas turbines 
to be employed have been designed to burn 
residual oil and are rated 10,700 h.p. at 1000ft 
elevation and 80 deg. Fah. air temperature. At 
the ambient conditions of 6000ft elevation and 





90 deg. Fah, the power plant will produce 8500 
h.p. input to the generator for traction purposes, 
which corresponds to 7000 h.p. at the rail. The 
locomotive will be able to exert a tractive effort 
of 145,000 Ib at the continuous rating of 8500 h.p. 
input to the generator. The railway company 
already has twenty-five 4500 h.p. General Electric 
gas turbine-electric locomotives in service (one 
is shown in Fig. 1) and is considering the purchase 
of a further thirty 8500 h.p. units at a future date. 
Union Pacific may thus be considered to be the 
pioneer in the field of gas turbine-electric rail 
propulsion in the United States. 

We have from time to time reviewed the 
development work conducted in the field of coal- 
burning gas turbines by the Locomotive Develop- 
ment Committee of Bituminous Coal Research, 
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pressed to 90 1b per square inch ; (6) burning 
pulverised coal in all-metal combustors under 
pressure at heat release rates up to 1,000,000 
B.Th.U. per hour per cubic foot of combustion 
volume ; and (c) separating and discharging 
burning ash particles from 30,000 cubic feet of 
air per minute at temperatures up to 1300 deg. 
Fah. and pressures up to 80 lb per square inch. 
The test operations conducted in 1955 involved 
a total of 1421 hours of coal-burning operation 
at a high load factor ; 4,111,400 h.p.-hours were 
generated by burning 2250 tons of bituminous 
coal, of which 54-5 per cent came from the 
Pittsburgh No. 8 seam, 27 per cent from the 
Pocahontas No. 5 seam, and 16-5 per cent from 
the Wyoming mines of the Union Pacific Coal 
Company. The value of the coal burned in 1955, 
estimated at prices prevailing at the mines in 
September, together with transport charges, was 
11,300 dollars. Locomotive diesel engines doing 
the same work would have used fuel and lubricat- 
ing oil costing approximately 28,745 dollars. 
During the 1955 programme 852 hours were run 
at sustained high loads (90 per cent load factor) ; 
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Fig. 2—General arrangement of coal preparation system used in 1955 


Incorporated, and devote the remainder of the 
present article to this work, which during 1955 
yielded particularly interesting and encouraging 
results. The Locomotive Development Com- 
mittee was established in 1944 to develop a loco- 
motive which could burn bituminous coal with 
the economy and operating advantages then being 
realised by the first diesel-electric locomotives. 
In view of other current locomotive research 
projects, the committee’ decided to concentrate 
upon the task of developing a coal-burning gas 
turbine. Since no information was then avail- 
able on the three vital problems of the proposed 
gas turbine, the committee set up programmes 
to study: (a) pumping crushed or pulverised 
coal at controlled rates into a stream of air com- 


| Wy 


% ‘ta 


Fig. 1—General Electric 4500 h.p. gas turbine-electric locomotive operated by the Union Pacific Railroad: 


568 hours were run on locomotive cycles (69-5 per 
cent load factor). The operation of the plant 
under these high load factors was far more satis- 
factory than in any previous test. The individual 
runs were of longer duration, the shut-downs 
were fewer both in cause and in number, the 
performance of the system components was 
better, the condition of the turbine after burning 
2250 tons of coal in 1421 hours was far better 
than in 1952, when 1066 tons were burned at a 
lower load factor in 756 hours. 

The general arrangement of the coal system 
used in 1955 is shown in Fig. 2. The eastern 
coals burned in 1955 were shipped in open-top 
hopper wagons from the preparation plants in 
#in and jin by 0 size consists. The coal was 
delivered directly into the bunker by a track 
unloader and an elevating conveyor. The coal 
preparation system originally installed in 1951 
was used to supply pulverised coal to a large 
external storage tank, from which it was trans- 
ferred as needed to a smaller tank situated within 
the test building. The coal pump delivered the 
pulverised coal into the conveying air stream, 
which was drawn from the shop supply and 
raised to 90 lb per square inch by a booster com- 
pressor. The conveying air carried the coal from 
the pump through the coal splitter into the 
burners of the twin combustors. The principal 
improvement in the ash separation system was the 
provision of heavy wire screens at the inlets of 
the two “ Multi-Tube” separators. These 
screens were intended to prevent the entrance into 
the separators of the coarse particles which had 
caused so many shutdowns in the 1954 test pro- 
gramme. The screens proved to be very effective, 
although tube plugging was not entirely elimin- 
ated. Ash sampling at the turbine inlets was 
again used as the principal operating check on 
the separator performance. Samples were also 
taken at the separator inlets during the pre- 
liminary coal-fired operation. 

Coal burning operation of the plant under the 
1955 programme began on January 15th, using 
Pittsburgh No. 8 coal. Twenty-five hours of 
coal burning time were accumulated in January 
in short runs, during which minor difficulties 
were encountered and corrected. As the turbine 
speed and inlet temperature were gradually 





increased to the maximum permissible values 
(5400 r.p.m. and 1250 deg. Fah.) it became 
apparent that the separator inlet screens were 
doing an effective job of preventing coarse ash 
fragments from entering the “‘ Dunlab ” tubes, 

Since the principal task during the past year 
was to test all components of the plant by con- 
tinuous operation at normal load, preparations 
were made to run on a three-crew basis for at 
least the thirteen consecutive days permitted by 
New York State law. Test mechanics were 





Fig. 3—Comparison of first-row blades, (left) 1952, 
and (right) 1955 


trained to operate the turbine and data-taking 
was reduced toa minimum. Important pressures, 
temperatures, turbine speed and load were 
recorded on strip and circular charts. The test 
crews were instructed to keep the turbine in con- 
tinuous operation at 5400 r.p.m. speed and 1250 
deg. Fah. inlet temperature. The three crew leaders 
were directed to make every effort to keep the 
plant running continuously, but to shut it down 
whenever malfunctioning of any component 
might endanger the turbine. The causes of the 
troubles were to be found and corrected, and 
records kept which would enable the operating 
committee to evaluate each shutdown. 

A summary of the high load test operation is 
given in the following table. The high average 


Summary of High Load Operation 











Pittsburgh ee Total 
Coal burned No. 8 |} No.5 
Hoursrun ... ... ... 516°S6 | 335-41 852-37 
Short tons burned aa 910-60 | 548-95 1459-55 
Average coal rate, Ib per| 3540 | 3270 3420 
hour 
Horsepower hours gener-; 1,637,421 | 1,090,217 2,727,638 
at | 
Pounds of coal per horse- 1-12 | 1-00 1-07 
power hour 
Average load, h.p. ---| 3162 3255 3200 
Load factor, per cent ... 89-4 91-9 90-27 
Thermal efficiency, per 18-2 18-1 18-18 
cent on lower 
calorific value) 








load resulted in a thermal efficiency of 18-18 per 
cent, since the plant was running at its most 
efficient condition at all times except during start- 





4—Comparison blades, (left) 


Fig. of second-row rotor 
1952 and (right) 1955 
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third-row rotor blades, (left) 
1952 and (right) 1955 


Fig. 5—Comparison of 


up. Forty per cent of the high load operation 
was run with Pocahontas No. 5 coal, while 60 per 
cent was run with Pittsburgh No. 8. The total 
tonnage burned was 1460, at an average coal rate 
of 3314 Ib per hour. 

Continuous operation at maximum load was 
begun on February 15th. Between this time and 
April 20th, when cycling operation was under- 
taken, 632 hours were run at an average load 
factor of 92 per cent ; 219 additional hours at 
high load were run between May 29th and July 
22nd, bringing the total to 85 hours at an average 
load of 3200 h.p. Twenty-eight continuous runs 
of more than eight hours’ duration were made, 
including twelve non-stop runs longer than twenty- 
four hours. The longest single run of the high- 
load programme began at 2.44 p.m. on February 
21st and continued without interruption for 
fifty-taree hours at loads above 3600 h.p. until 
7.41 p.m. on February 21st. This run is particu- 
larly significant, since it records what is believed 
to be the first occasion when a coal-burning gas 
turbine carried full load continuously for an 
entire day. The run was terminated when the 
flow indicators showed that a separator blow- 
down line was plugged. This was corrected and 
the unit started again, but a second plugged 
blowdown line, followed shortly by a stoker shut- 
down, indicated that inspection of the com- 
bustion and ash system was in order. The 
stoker overload was traced to a defective lubrica- 
tion fitting, which was replaced. 

An inspection of the combustion system 
showed that ash had accumulated in both com- 
bustors and on the separator inlet screens. 
** Mushrooms” of slag 
were found on both 
burners, and they had 
effectively shut off the 
primary air flows to 
such an extent that the 
flame had lengthened 
until it was reaching the 
inlet screens. Several 
breaks had occurred in 
the carbon steel screens, 
and coarse ash fragments 
had been admitted to 
the separator, resulting 
in several plugged blow- 
down lines. 

Another long run 
began at 9.28 p.m. on 
March 25th and con- 
tinued until 2.40 p.m. on 
March 27th. The im- 
mediate cause,of the 
shut-down then required 
was a sudden temper- 
ature spread, which 
caused the right turbine 
inlet to run 150 deg. 
Fah. above the left. 
The splitter was found 
to be clear, but inspec- 
tion of the left burner 
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built up in the annulus. This deposit was 
apparently formed when the conveying air 
supply was interrupted for a short time and coal 
collected in the uncooled burners. This trouble 
had not been experienced previously and has not 
occurred again. Since the combustors had not 
been inspected for 149 hours they were opened. 
The left combustor had accumulated a consider- 
able amount of slag and sintered ash, some of 
which had apparently come from the “* mush- 
room ” formation on the dome. The right com- 





Fig. 7—Comparison of fourth-row rotor blades, (left) 
1952 and (right) 1955 


bustor was comparatively clear, but both the 
separator inlet conical screens were coated 
with ash. Some large fragments of ash and slag 
which had apparently formed on the combustors 
and then been blown downstream were found in 
the screens and drop-out pots. It then became 
apparent that ash accumulations were to be 
expected after long runs at high load. During 
the remaining periods of high load operation the 
same pattern was followed. It was apparent that 
ash accumulation would interrupt the con- 
tinuous high-load runs after thirty to forty hours. 
Improved air admission and coal distribution 
appeared to be necessary to reduce the rate of 
ash accumulation. The removal of the ash was 
a relatively quick procedure, since most of the 
ash and slag cracked from the combustor walls 
when the turbine was shut down. On April 19th 
the operations committee decided to undertake 
cycling tests under conditions which were more 




















representative of actual locomotive operation 
than the continuous high-load tests. 

Operation on locomotive: time-load cycles 
began on April 20th and continued for a total 
of 568 hours. In general, the plant was operated 
continuously, as far as possible, with one run 

another after a brief idling period. 
It was re § that ash accumulated at a slower 
tate than during the high load runs, but the total 
accumulation was proportional to the amount of 
coal burned. The shut-downs encountered 
during the cyling operation were of the same 
general nature as those in the high load runs, 
except that ash accumulations did not cause 
unscheduled shut-downs. 

In the course of this programme, the New 
York Central cycles were followed for 275 hours. 
These cycles were supplied to the Committee as 
representative of the work done by the passenger 
and freight locomotives of the New York Central 
Railroad and were not intended to represent 
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4700 dollars and lubricating oil 
giving a total cost of 4980 

. The saving in fuel and lubricating oil 
ae © thus would be 3175 dollars, or 
If the locomotive operated at 
load factor for an average of 


On July 28th, operation was discontinued and 
the plant was dismantled for a complete inspec- 
tion of all components. The stator blade rings 
were removed on August 3rd and the photograph 
shown on Plate 14, January 6, 1956, was taken 
at that time. The general appearance of the 
turbine was good. The’ concave faces of the 
rotor blades were clean, although a small amount 
of ash adhered to their convex faces. Light ash 
deposits were found on the backs of some of the 
stator blades, but only the third stage had ash 
coatings thicker than 0-005in... The bearings, 
glands and inter-stage seals were in good condi- 
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and the 1955 tests is shown in Figs. 3, 4, 5 and 
7: individual blades from the first four rows 
have been removed and photographed side by 
side. The wear experienced in 1954-55 for a 
total of 2610 tons burned in 1721 hours is small 
compared with the 1952 wear, when 1066 tons 
of coal were burned in 756 hours. The first- 
row blades (Fig. 3) show the most striking 
contrast. «In 1952, the leading edges of the first 
row blading showed abrasion from heavy 
particles, which is entirely absent in the 1955 
blades. The trailing edges of the 1952 blades 
were cut back for about 75 per cent of their 
height, while no such cutting is seen in the 1955 
blades. 

In the second row, Fig. 4, the 1955 blade shows 
localised wear in a narrow band near the rotor, 
in contrast to the very severe cutting on both the 
leading and trailing edges of the 1952 blade. 
Careful inspection of the second blade row in 
1955 showed that small notches exist in the trail- 
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Fig. 8—Current locomotive gas turbine test plant with aerated coal tank and pressurised pulveriser 


specific runs. The plant was then run for 243 
hours on the eastbound and westbound Union 
Pacific Railroad cycles between Cheyenne, 
Wyoming and Ogden, Utah. During the twelve 
days of this test, 8290 miles of operation were 
simulated and 1,722,000 ton-miles were accumu- 
lated, burning Union Pacific coal at the rate of 
42-8lb per 1000 gross ton-miles. The plant 
was operated on the Norfolk and Western 
Railroad cycles, between Portsmouth and 
Williamson, for the last fifty hours of the pro- 
gramme. The fuel consumption during cycling 
operation verified the prediction that the fuel 
cost for a coal-burning gas turbine locomotive 
will be substantially less than for a diesel-electric 
doing the same job. 

The New York Central freight and passenger 
locomotive cycles, on which the plant operated 
for 275 hours at an average load of 2570 h.p. 
required 389 tons of jin by 0 Pittsburgh No. 8 
coal, costing 1635 dollars. Adding the handling 
charge of 69 cents per ton would bring the total 
coal cost to 1805 dollars. A two-unit diesel-electric 
locomotive. doing the same amount of work 
would have used about 45,000 gallons of fuel 
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tion. A periodic inspection of the first-stage 
stator and the last-stage rotor blades during the 
test programme had indicated that some localised 
wear was taking place. There had been no 
apparent change in turbine performance, how- 
ever. When the interior of the turbine was 
inspected, the blades in stage 1 were found to 
be in good condition. Row 2 showed slight 
signs of wear, while erosion was increasingly 
evident in rows 3 and 4. Normal blade wear 
was confined to 0-005in. to 0-010in on the con- 
cave surfaces. Abnormal localised wear, which 
can be seen in our illustrations, was confined 
principally to the roots of the third and fourth 
row blades, where notches served as stress -con- 
centration points, from which cracks extended 
partially across a total of twenty-seven blades. 
No such cracks occurred during the 1952 tests. 
The “‘ S-590” alloy used in the original rotor 
blades has considerably higher strength at high 
temperature than the “ 19-9DL ” alloy selected 
when the turbine was rebladed prior to the 1954 
tests. 

An interesting comparison between the con- 
dition of the rotor blades following the 1952 
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ing edges of some blades, and stress concentra- 
tion at these notches has resulted in cracks in 
two blades. 

In the third row, Fig. 5, the abnormal wear 
on the 1955 blade had progressed to the point 
where a semi-circular notch now existed near 
the root of the blade. Cracks such as that shown 
in Fig. 5 existed in twenty-two blades of this row. 
The leading edge wear which can be seen in the 
1952 blade is absent and the blade tips show only 
slight wear. 

The fourth-row blade, Fig. 7, shows the same 
kind of wear as the third row. The scalloping 
near the roots of the third and fourth-row blades 
is apparently due to the secondary flow which 
transports dust inwardly along the concave 
face of the blade and concentrates it in the high 
velocity region near the base. It is believed that 
this condition can be minimised by changes in 
the contour of this portion of the blade, The 
wear on the stator blades followed approxi- 
mately the same pattern as that on the rotor 
blades. The abnormal wear was confined to a 
band near the inner diameter of the stator. The 
normal wear on the concave surfaces of both 
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Fig. 9—Proposed conversion from diesel to coal-fired gas turbine, 2500 h.p. 
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rotor and stator blades had progressed during 
1954 and 1955 at the rate of 0-00lin per 200 to 
300 hours of operation. This can be greatly 
reduced by using harder blade materials or hard 
facing of the concave surfaces. 

The combustion and fly ash separation equip- 
ment was found to be in good condition at the 
conclusion of the test programme. The ring- 
supported combustors have now seen a total of 
2525 hours of coal-burning operation, together 
with several hundred hours of oil-burning 
service. The combustion efficiency was con- 
sistently above 95 per cent with each of the coals 
burned during 1955. The combustors were in 
serviceable condition at the conclusion of the 
test programme. The principaf problem encoun- 
tered was the retention of ash in the combustors 
following long periods of high load operation. 
A marked improvement in this condition resulted 
from a major change in the burner dome made 
during the last 200 hours. A photograph of the 
right combustor taken at the conclusion of the 
1955 operation is reproduced in Fig. 6 and shows 
that the dome remained clean during the final 
140 hours. The fly ash separation equipment was 
in good condition and the only maintenance 
required before resuming operation will be to 
replace the carbon steel inlet screens with stain- 
less steel. Two ‘“ 5B2” rotary coal pumps of 
Locomotive Development Committee design 
were used interchangeably throughout the 1955 
tests. The control of the plant by coal pump 
speed variation proved to be entirely satisfactory. 
In future pumps, hard materials will be used on 
the rotor tips and the side plates to eliminate the 
wear which required pump overhauls at intervals 
of approximately 500 hours. The synthetic 
rubber face seals used in the pumps will also be 
replaced with a more resistant material, such as 
“ Teflon.” 

The 1955 tests were run with the bin and feeder 
coal system originally installed in 1951 to handle 
“run of mine” coal. The system handled the 
zin and #in by 0 coals without difficulty, but 
it is unduly complicated, heavy and expensive. 
In addition, about 15 per cent of the finest 
pulverised coal was vented in the air discharged 
from the collectors. A responsibility assigned 
to the committee in 1953 was the development 
of a new fuel system to handle specification coal 
as a “ fluid’ on a locomotive. The coal system 
shown in Fig. 8 has been constructed as a joint 
project between the Locomotive Development 
Committee and the American Locomotive 
Company (A.L.C.O.) and is currently under- 
going tests at Dunkirk. In this system, #;in by 0 
dried coal flows from aerated tanks without need 
for mechanical conveyors. This crushed coal is 
delivered by the rotary pump into the conveying 
air which carries it through the pressurised unit 
pulveriser to the combustors. The Riley Stoker 
Company built this pulveriser from designs pre- 
pared in co-operation with the L.D.C. staff. 
It employs the attrition principle successfully 
applied in power station practice. Tungsten 
carbide, used to hard face the wearing elements, 
has given a service life in excess of 100,000 tons 
to this design of pulveriser. 

With regard to future coal-burning gas turbine 
applications, two major concepts of locomotive 
arrangement have now been proposed. The first 
of these calls for the replacement of the diesel 
engine in existing locomotives by a compact gas 
turbine of higher power. For example, an 
A.L.C.O. “* DL600” locomotive could be con- 
verted from its original 2250 h.p. to 2500 h.p. 
under sea level, 60 deg. Fah. air conditions, 
through the use of a turbine such as the English 
Electric “* EM27P” unit. The proposed general 
arrangement of such an installation is shown in 
Fig. 9. When new locomotives of large capacity 
are required, the committee proposes to meet this 
need by the use of a power (“‘ A ’”’) unit carrying 
the gas turbine with its combustion and ash 
separation equipment, coupled to a fuel (“ C ”’) 
unit. Fuel for twenty-four hours of operation 
can be carried in the “C” unit, which also 
contains the starting diesel engine, the pul- 
veriser and other auxiliary equipment. The 
necessary air, fuel and electrical connections 
between the “A” and the “C” units can be 
made with conventional flexible connections. 
Such a locomotive can be built with an “A” 
unit power as high as 5000 h.p., depending upon 
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the running gear and the wheel arrangement. 
By combining two “A” units with a single 
“C” unit, the construction of a coal-burning 
gas turbine locomotive of 8000 h.p. to 10,000 h.p. 
is now considered to be possible. 





UNIVAC Computing .Centre at the 
Franklin Institute 

Tue Franklin Institute and the Remington 
Rand UNIVAC Division of the Sperry Rand 
Corporation, both of Philadelphia, have jointly 
announced the signing of a contract for the 
installation of a complete UNIVAC computing 
centre and an integrated computation exhibit at 
the Franklin Institute in Philadelphia. Accord- 
ing to present plans, the centre will be the 
largest of its kind in the United States intended 
for public use and the first to be installed in a 
private institution. The centre will be operated 
by Institute personnel, and the computations 
performed will be either for the Franklin Institute 
laboratories or for the public. The computations 
for the laboratories will relate to scientific or 
engineering problems, which will be planned by 
the laboratories on behalf of various sponsors. 
Portraying the historical evolution of the art of 
computation from the abacus to the modern 
electronic computer, the exhibit area in the 
museum will graphically and dynamically convey 
the fundamentals of electronic computation. A 
guide will explain the operation of these mech- 
anical “‘ brains’ in such a way that the com- 
plexities of these ultra-modern devices will be 
easily understandable to students and the 
average adult. 

Over 300,000 visitors per year will thus actually 
see a working electronic computing system. The 
device receives information for processing and 
instructions as to the method of processing. This 
information is stored in a memory for use when 
required. Through a series of logical or arith- 
metical operations it automatically processes 
this information according to instructions. 
Finally, the high-speed printer of the UNIVAC 
prints the results at the rate of 78,000 characters 
per minute. Other American installations of 
UNIVAC large-scale computing systems have 
been made at the Bureau of the Census, the 
office of the Air Comptroller, the U.S. Army 
Map Service, the U.S. Atomic Energy Com- 
mission, the Bureau of Ships, the General Electric 
Company, the Metropolitan Life Insurance 
Company, the Wright Patterson Air Force Base, 
the United States Steel Corporation, and the 
Westinghouse ElectricCorporation. The Franklin 
Institute installation is estimated to cost about 
1-3 million dollars. 





Damage During Western Floods 
Reduced by Reclamation Dams 


THE multi-purpose reclamation dams and 
reservoirs were successful in reducing the recent 
flood crest in the Central Valley of California 
and in other western areas by virtually shutting 
off the upstream flow of several major rivers at 
their peak. A preliminary Bureau of Reclama- 
tion report indicated that the Sacramento and 
San Joaquin rivers in the Central Valley were 
flowing at the rate of 293,000 cusecs above the 
Shasta and Millerton lakes, respectively, but 
that the releases from Shasta and Friant dams 
were: controlled to only 3200 cusecs. In the 
nine-day peak flood period from December 
17th to 26th, these two reservoirs stored 1,421,300 
acre-feet of water. At the same time the Folsom 
dam on the American River, which was. built 
and is operated by the Corps of Engineers, 
stored an additional 890,000 acre-feet of water 
and reduced the peak flow on this stream from 
218,000 to 70,000 cusecs. This reservoir is to 
be transferred to the Bureau of Reclamation 
this spring for integration with the Central Valley 
project. 

The principal flood contributors were the 
Feather and Yuba rivers, on which there are 
no Bureau of Reclamation structures although 
some were contemplated and some sites surveyed 
in the compiling of the Central Valley compre- 
hensive water resources development report 
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several years ago. The proposed development 
included almost complete control of floods by 
addition of reservoir storage to supplement the 
system of levees, channels and cut-offs on the 
main valley floor. The Bureau of Reclamation 
report estimated that without flood storage at 
the Shasta dam and reservoir, the peak flow of 
the Sacramento River would have been 310,000 
cusecs. This would have caused a flood stage 
above that reached in 1940, when large segments 
of the Sacramento River levee system failed 
and 635,000 acres of land were inundated between 
Rio Vista and Red Bluff. The last major flood 
on the San Joaquin occurred on December 10, 
1938, before Millerton Lake was created by the 
construction of Friant dam. The peak flow at 
that time was 75,000 cusecs compared with a 
peak flow last year of 92,000 cusecs which was 
reduced to a flow of 200 cusecs immediately 
below the dam. 

An unusual flood control measure in the delta 
section of the Central Valley involved the opening 
of cross-channel gates which are ordinarily 
closed to keep the Sacramento River out of the 
Mokulumne delta. In this instance the gates 
were opened to permit an unprecedented flow 
from the Mokulumne and San Joaquin catch- 
ment area to enter the Sacramento, thus finding 
a quick outlet into San Francisco Bay. Across 
the Sierras in the Truckee River catchment 
basin, the warm rains quickly melted an early 
winter snow pack which was reduced from-70in 
to less than 24in at Donner Pass. Reservoir 
storage on the Newlands project, one of the 
first constructed by the Bureau of Reclamation 
nearly fifty years ago, provided some storage 
space but not enough to control the floods on 
the Truckee River which bisects the town of 
Reno. The gates of the Lake Tahoe outlet were 
closed during the entire period of the flood and 
the Boca reservoir was filled to capacity. The 
administration has recommended to Congress 
the authorisation and construction of the Washoe 
project which would provide considerably more 
flood storage as a part of multiple-use facilities 
in this area. A combination of two Bureau of 
Reclamation dams, Arrowrock and Anderson 
Ranch, and the Lucky Peak dam of the USS. 
Army Corps of Engineers, reduced the flow of 
the Boise River in south-western Idaho to 
virtually nothing at Boise, thus permitting the 
Payette River, which was draining heavily, to 
drain away into the Snake without damage. 
Even Payette River flows were materially reduced 
by the existence of reclamation dams on the 
river. The Snake absorbs both the Boise and 
Payette rivers within a short distance of each 
other in the heart of the rich irrigated area‘ of 
south-western Idaho. 





Abandonment of Master Saybolt 
Viscometers 


Tue National Bureau of Standards, Washing- 
ton, D.C. has announced its intention to abandon 
after June 30, 1956, the use of the master Saybolt 
viscometers as standards for the calibration of 
Saybolt Universal and Saybolt Furol visco- 
meters. The Saybolt viscometers are widely 
used in the American petroleum industry to 
measure viscosities of lubricating and fuel oils. 
Many years ago, these master instruments were 
adopted in co-operation with the American 
Petroleum Institute’s Committee on Viscosity 
Standards, as representing Saybolt instruments 
having normal flow times. The master instru- 
ments have been in the custody of the National 
Bureau of Standards, where they have been used 
to determine corrections to be applied to the 
flow times of instruments submitted for certifica- 
tion. More recently, the American Society for 
Testing Materials has published standard con- 
version tables and factors for the conversion of 
kinematic viscosities. to Saybolt viscosities. 
Because of the greater precision possible in deter- 
mining kinematic viscosities, these tables and 
factors provide more precise definitions of the 
Saybolt viscosity scales than do the master 
instruments. Consequently, continued use of the 
master instruments has become unnecessary and 
technically undesirable. It is therefore proposed 
Fai them as standards after June 30, 
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British Patent Specifications 


When an invention is communicated from abroad the name and 


address of the communicator are printed in italics. When an 
os is not illustrated the ion is without drawings. 
he date first given is the date o ication ; the second date, 


at the end of the abridg 
complete specification. Copies of ‘ari grees may be obtained 
at the Patent Office Sales Branch, 15, Southampt 

hancery Lane, W.C.2, 3s. each 


TOOLS AND WORKSHOP APPLIANCES 


743,082. May 8, 1953.—MouNTINGS FOR ABRASIVE 
Discs, Wolf Electric Tools, Ltd., Pioneer Works, 
Hanger Lane, Ealing, London, W.5. (Inventor : 
Charles Henry Gubbins.) 

The invention relates to mountings for abrasive 
discs and has for its chief object to provide a flexible 
mounting for coupling an abrasive disc to a driving 
shaft or spindle.. Referring to the drawing, A is the 
shaft of a grinding machine. B is an abrasive disc 
which is connected to the shaft. The coupling com- 
prises an annular supporting element C of resilient 
material, such as hardened or toughened rubber, 






SSASSSSSSSSSSS 









SS 





KK 


\) 





b—-4 

3=35 
.S—— 4 
~~ 








man 
SSE, y Ny 
WZ 
SS 
SSIS 


I 
iz 
SSH 





My. 

WZ 
Ys 
<< 

2 






[SS AAS 2 


No. 743,082 


and its operative face is dished so as to fit or to 
conform to the shape imparted to the central portion 
of the disc B. Incorporated in the element C is a 
flanged mounting member comprising a sleeve or 
boss D threaded both internally and externally, 
the internal thread co-operating with a thread on 
the shaft or spindle A, while the external thread 
accommodates a flanged nut G. As will be seen 
from the drawing, the element C and the flanged nut 
G are applied at opposite sides of the disc B, the 
internally threaded sleeve of the nut passing through 
the centre of the disc. On tightening of the nut G 
the disc will be firmly but resiliently clamped in 
position. Due to the shaping of the element C and 
to its resilience no undesirable stresses such as would 
result in cracking or distortion of the disc B will be 
set up on tightening of the nut and when the disc is 
in use it will be capable of a degree of flexing or 
displacement relatively to the shaft.—January 11, 
1956. 


PIPE PROTECTION 


740,496. July 15, 1953.—Prrze Lacoinc, The 
English Electric Company, Ltd., Queens House, 

28, Kingsway, London, W.C.2. (Jnventor : 
Henryk Pyptiuk.) ‘ 

As the drawing shows, the pipe A to be lagged is 
enclosed within the two half-shells B of artificial 
resin-impregnated glass cloth having internal longi- 
tudinal flanges C and an end portion D stepped 
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down in diameter and resting on the periphery of 
the tube A with an impregnated glass cloth sleeve E 
interposed. At intervals the outer shell is supported 


THE ENGINEER 


by diaphragms. F of artificial resin-impregnated ~~ 
cloth having outer flanges G fitting the shell from 
inside, and resting with their inner circumference on 
the periphery of the pipe. The space between the 
periphery of the pipe and the inside of the shell is 
filled en dtr oe ae 
each made in two halves, lying closely side by side. 
The two halves of the shell B are held together along 
their joints by side sealing strips J, by clamping 
strips K near their ends and by strips Z around their 
portions D, the strips all consisting of artificial resin- 
impregnated glass cloth tape. A suitable material 
for the shell B diaphragms F and strips J, K and L 
consists, for example, of two layers of 0-00S5in thick 
glass cloth impregnated with artificial resin. The 
lagging rings H are preferably stamped out of a 
fibre glass blanket }in thick. Insulations already 
made have been found oil proof and have been tested 
up to temperatures of 350 deg. Cent. with very 
satisfactory results. Vibrations have had little effect 
on the insulation tested and no permanent collapses 
owing to rapid changes of external air pressure as 
encountered in flight at varying altitude have taken 
place.—November 16, 1955. 


GAS TURBINES 


742,887. March 19, 1953.—THeE CooLinG oF Gas 
TuRBINE Rotors, The Parsons and Marine 
Engineering Turbine Research and Development 
Association, Pametrada Research Station, Walls- 
end. (Inventor: Vincent Walker.) 

The invention relates to the cooling of gas turbine 
rotors by liquid supplied to the blades and their 
surfaces and has for its object to use the latent heat 
capacity of the liquid to carry away heat from the 
blades and rotor surface. As shown in the 
drawing, the shaft A of a turbine rotor B-has three 
separate encircling rings C, D and E, each with an 
internal passage leading to an externally connected 
pipe, one (£) incorporating ‘a water supply duct F, a 
second (D) incorporating a water spill duct G, and a 
third (C) comprising a steam outlet duct H con- 
trolled by a pressure-loaded non-return valve J. The 
duct F communicates with two diametrically opposed 
radial holes K in the rotor shaft A, each communicat- 
ing with a longitudinal duct L leading to a radial duct 
M, the two radial ducts communicating at their outer 
ends with a peripheral space N adjacent to the bases O 
of the turbine blades. The longitudinal ducts L also 
extend towards the second annular duct G and 
terminate in peripheral radial chambers P formed in 
the shaft. Each of these radial chambers is closed at 
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its periphery by a plug, through which projects a 
short length of pipe R to constitute a spill device. The 
third internal annular duct H communicates with a 
diametrical hole S through the rotor shaft, which is 
in communication with a longitudinal duct T con- 
centric with the rotor shaft axis. This duct 
constitutes a steam outlet duct. Water is supplied to 
the space F at a pressure high enough to pass the water 
down to the passages L against the centrifugal force 
set up by rotation of the shaft A. The pressure in the 
passages L is controlled by the spill device R ; if the 
water supply pressure becomes unnecessarily high 
then the excess pressure in the passages L is relieved 
by flow into the spill tubes R. The provision of a 
small spill flow during operation also ensures that 
the water supply to the rotor is adequate. Cooling 
water flows out to the rotor blades along passages M 
and then circumferentially, picking up heat from the 
blade roots O. The water returns along further 
passages U and V in the rotor B into a chamber W 
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in the rotor. The water passages are so that 
in spite of the lowered density of the water returning 
along U and V there is insufficient pressure available 
to return the water into the outlet hole 7. The free 
water surface takes up some position X. The con- 
necting passages Y allow water to recirculate by way 
of Y, M, U and V, and it becomes further raised in 
temperature. Eventually the water temperature at X 
becomes sufficiently high for the associated vapour 
pressure to open the non-return valve J. Thereafter 
a steady rate of steam generation obtains and make-up 
water enters along the passages L. The thermal 
pumping force in the circuit Y, M, U, and V is used 
to produce a rapid circulation over the blade roots 
with a correspondingly large heat transfer coefficient. 
The rate of water supply to the turbine is small, since 
the latent heat of vaporisation is employed for taking 
out heat. Thus flow rates are low except where high 
flow rates are needed; namely, in the passages around 
the blade roots. The turbine blade temperature can 
be controlled to some extent by regulating the steam 
pressure through the load on the valve J and thereby 
raising or lowering the temperature of the water 
circulating around the blade roots.—January 4, 1956. 


METALLURGY 


742,742. June 12, 1953.—A METHOD AND A BLOWING 
NOZZLE FOR REFINING MEerALs, Hiittenwerk 
Oberhausen Aktiengesellschaft, Oberhausen, 
Germany. 

The invention provides a method of refining metals, 
in which a blast of refining gas is introduced beneath 
the surface of the metal bath through a nozzle. As 
shown by the drawing, the main body of the nozzle 
extends vertically when the nozzle is in use, and, as 
shown, the immersed front end of the nozzle is 
inclined at a large angle to the vertical. The nozzle 
comprises three concentric pipes A, B and C. The 
inner surface of the outer pipe A, which forms a 
jacket for the nozzle, is provided with ribs D, the 
inner edges of which serve to support the pipe B. 
This pipe has double walls, preferably of metal of low 
thermal conductivity, enclosing a heat insulating 
filling E of asbestos. As an alternative a wire spiral 
of low thermal conductivity can be used between the 
two walls of the pipe B. Mounted on the front end 
of the nozzle is an annular cap F, the inner edge of 
which is welded to the pipe C and the outer edge to 
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the jacket A. Thecap has a semi-circular cross-section 
and is provided with radial ribs G. The ribs preferably 
correspond to the ribs D and adjoin them. 

pipe C is connected to a supply conduit for the 
blast. The upper end of the nozzle is fixed to a 
holding plate H formed with an aperture J which 
communicates with an annular chamber K between 
the pipes B and C. Mounted upon the holding 
plate H is a hood L, which closes the upper end 
of the nozzle and is connected to a supply pipe M for 
a cooling agent. Water is normally used as the 
cooling agent and passes through the pipe M into the 
hood Z and thence via the annular chamber K 
between the pipes B and C to the front end of 
the nozzle. Inside the cap F the direction of flow is 
reversed and the cooling water returns between the 
ribs D and is discharged through the pipe O. The 
heat insulating filling E, which extends down to the 
mouth of the nozzle, prevents the returning water 
from heating the incoming water to a temperature 
much in excess of its entrance temperature. The blow 
nozzle according to the invention.is of particular 
advantage for use in the pre-refining of pig iron. 
However, it may also be used in the finish refining of 
steel by the acid or basic Bessemer process and for 
ae other metals and metal alloys.—January 4, 
1956. 














Appointments 


, Charlton, Lo 


JOHNSON AND Puiups, Ltd. 
S.E.7, states that Mr. R. V. Darton, A.M.LE.E., 
has been we hd cast dengue tte sean 
t. 


appointment of Mr. J. Titterington, M.LE.E., 
assistant chief engineer, motor department. 


W. E. Sykes, Ltd., Staines, states that Mr. A. E. 
Bensusan has been appointed to take charge 0 of the 
publicity department. Mr. Bensusan is also respons- 
ible for the publicity seen of The Sykes Machine 
Tool ey Ltd. His address is Hythe End 
House, The Hythe, Staines, Middlesex (telephone, 
Staines 5076). 


THE Unirep Street Companies, Ltd., announce 
the following appointments at the Steel, Peech and 
Tozer branch :—Mr. H. H. England, manager, 
Templeborough melting shop; Mr. R. S. Howes, 
manager, Rotherham melting shop, and Mr. D. I. 
—" assistant manager, Templeborough melting 
shop. 





Business Announcements 


Mr. IAN MACcLeEop-SmiTH, sales manager, of 
J. and H. McLaren, Ltd., Leeds, is making a two 
months’ tour of South America. 


THe Pressey Company, Ltd., Ilford, Essex, 
announces the formation of an associate company 
entitled Plessey Nucleonics, Ltd., to deal with its 
activities in the field of atomic energy. Mr. A. G. 
Clark is the chairman and managing director of the 
new company. 

HEAD, WRIGHTSON AND Co., Ltd., has formed a 
new subsidiary company entitled Head Wrightson 
Colliery Engineering, Ltd., with registered offices at 
Teesdale Iron Works, Thornaby-on-Tees. This 
follows the acquisition, last year, of Colliery Engineer- 
ing, Ltd., Sh d. 





Launches and Trial Trips 


HarPUuLA, oil tanker ; built at Belfast by Harland 
and Wolff, Ltd., for Shell Tankers, Ltd.; length 
between perpendiculars 530ft, breadth moulded 
69ft 3in, depth moulded 39ft, deadweight 18,000 tons ; 
thirty-.hree cargo oil compartments, one main cargo 
pump room ; two 550kW, 60-cycle turbo-alternators ; 
one set of double reduction geared turbines, 7500 
s.h.p. in service, steam supplied by two Babcock and 
Wilcox water-tube boilers at 500 1b per square inch 
and 800 deg. Fah. Trial, December 23rd. 


SILVERDENE, cargo ship; built by Joseph L. 
Thompson and Sons, Ltd., for the Silver Line, Ltd.; 
length. between perpendiculars 420ft, breadth moulded 
59ft 6in, depth moulded 38ft, 10, 000 tons deadweight 
on 26ft draught ; five holds, derricks to lift 5 tons and 
10 tons ; service : speed 14 knots ; Doxford oil engine, 
four cylinders, 670mm diameter by 2320mm combined 
stroke. Launch, January 12th. 





Forthcoming Engagements 


Secretaries of Institutions, Societies, &c., desirous of having 

notices of meetings inserted in this column, are requested to note 

that, in order to make sure of their insertion, the necessary informa- 

tion should reach this office not later than a fortnight before the 

meeting. In all cases the Time and PLACE at which the meeting is 
to be held should be clearly stated. 


ASSOCIATION OF SUPERVISING ELECTRICAL 
ENGINEERS 


Sat., Feb. 18th.—OxrorD, READING AND Districts BRANCH : 
Y.M.C.A., 10, George Street, Oxford, “‘ Radio Frequency 
Heating,”’ B. Kellett, 6.30 p.m. 


Tues., Feb, 21st.—LONDON NATIONAL Lecture : Lighting Service 
Bureau, 2, Savoy Hill, W.C.2, ‘“‘ Power from the Sun,’’ Miss 
M. V. Griffith, 6.30 p.m.——-PoRTSMOUTH BRANCH: “ Air 
Balloon,”’ 598, Commercial Road, Mile End, Portsmouth, 
“ Cinema Installations,’’ W. B. Butler, 7.30 p.m. 


BATTERSEA POLYTECHNIC 
Tues. ., Feb. 21st. —Battersea Polytechnic, London, 
“ Non-Destructive Testing,’’ J. D. Hislop, 7 p.m. 


ILLUMINATING ENGINEERING SOCIETY 


Feb. 21st.—GLOUCESTER AND CHELTENHAM CENTRE : 

Geraldines (Cheltenham), Ltd., 47, Promenade, Cheltenham, 

“* Lighting for Decoration,”’ A. rE. Hurst, 6.30 p.m.——Liver- 
POOL CENTRE : Liverpool Engineering Society, 5 The Temple, 
Dale Street, ae oe “ The Effect of the Lighting Load,’ 
W. B. Parkinson, 6 p.m. 

Fri., Feb. 24th—BaTH AND Bristot C pans 
Bristol, “ Black Light,’’ R. V. Mills, 7 p 
CENTRE : “ Regent House,” St. Phillip’s Place, Cc Colmore Row, 

irmi Annual General Meeting, Address by A. G. 


S.W.11, 


Tues., 


so Hotel, 
INGHAM 


Birmingham, 
Penny, 6 p.m. 
INCORPORATED PLANT ENGINEERS 


To-day, Feb. 17th_—BmMINGHAM eit : —— Hotel, 
Temple Street, Birmingham, Films, 7.30 p 

Thurs., Feb. 23rd.—LONDON BRANCH : College of Preceptors, 
Bl ware, W.C.1, “ Pile Driving Plant : Its Use and 
Maint *D.C. —y 7 p.m. 

Mon., Feb. 27th.—W. AND The University, 


ORKS BRANCH : 
General Hydrwalics,” F. H. Towler, 7.30 p.m. 
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INSTITUTE OF es epimers sae See 
Sat., Feb. 18th.—BRisTOL AND W. oF 





3 HAM 
Institute, Great Charles Street, at oes 
Isotopes and their Use in the ie Peanier ne, 


Makin, 7.15 p.m.——LONDON BRANCH : 
London, W.C. the Panel,”’ oe on Foundry- 
men to Foundrymen, 7.20 p.m.——W. RIDING OF YORKSHIRE 


BrRaNcH: Technical College, Bradford, 
7.30 p.m. 
INSTITUTE OF pi 
Thurs., Feb. 23rd.—MERSEYSIDE 


E Society, 9, The T ‘ Dale S$ rr che 
i ty, emp le treet, iverpoo! 
Codd Foneien and Evaluation,” J. K. Matthews 7 p.m. 
——E. MIDLAND SEcTION: Electrici Semaiaetien 1, 
Derby, “‘ Gaseous Combustion, ”’ J. H. Burgoyne, 7.15 p.m.—— 
MIDLAND SECTION: James Watt Memorial Tastitute, Great 
Charles Street, Birmingham, 3, “‘ Hot-Blast Cupala Furnaces,” 
W. J. Driscoll, 6 p.m. 


INSTITUTE OF MARINE ENGINEERS 
Tues., Feb. rei nee | AND N.W. SECTION : ™, Uni- 
versity, Liverpool, Junior Lecture, “Gas Turbines,’’ W. A. 
p.m. 
Tues., Peed 28th.—85, Minories, London, E.C.3, ‘‘ Combating 
Cylinder Wear and Fouling in Large Low. Speed Diesel 
Engines,”’ M. J. van der Zijden and A. A. Kelly, 5.30 p.m. 


INSTITUTE OF METALS 
Fri., Feb. 24th. my Engineeiing Lecture Theatre, The 4 
versity, Edgbaston 5, ‘All Day Di 
“ Furnace Refractories for the Use of the Nom-Fervous Metal 
Industries,’’ 10.30 a 


INSTITUTE OF REFRIGERATION 
Thurs., Feb. 23rd.—Institution of Mechanical Engineers, 1, 
Birdcage Walk, Westminster, London, S.W.1, “ Modern 
3500. s in Dairy Refrigeration,” H. Burley and E. J. Perry, 


saange OF ROAD TRANSPORT ENGINEERS 
Mon., Feb. 20th.—ScottisH CeNTRE: North British Hotel, 
inburgh, “ The Use of Light Alloys in Commercial Vehicle 
Construction,”’ B. Bonallack, 7.30 p.m. . WALES GROUP : 
S. Wales Institute of Engineers, Park Place, Cardiff, “ Road 
og in Relation to Commercial Vehicles,’’ John Clifford, 


Tues, "Feb. 28th.—N.E. Centre: Three Tuns Hotel, Durham 

iy, “Metal Spraying and Reclamation,’’ Lloyd Manuel, 
p.m. 
INSTITUTE OF WELDING 

Wed., Feb. 22nd.—Leeps BRANCH: Griffin Hotel, Leeds, 
“ Powder Cutting,’ E. T. Casey, 7.30 p.m.—N. LONDON 
BRANCH: Manson House, Portland Place, London, W.1, 
“* Oxygen in Industry,”’ E. Ryalls, 7.30 p.m. 

Fri., Feb. 24th.—BtRMINGHAM BRANCH : Grand Hotel, <4 f 
ham, “ Application of Welding to Structural Steelwork, "o. 
Smith, 7.30 p.m. 


INSTITUTION OF BRITISH AGRICULTURAL ENGINEERS 


—_ +, Feb. 21st.—6, Buckingham Gate, Lapiee. S.W.1, Talk 
* Agricultural Engineering i in U.S.S.R.,” 6 p.m. 


INSTITUTION OF CHEMICAL ENGINEERS 
Tues., Feb. 21st-—N.W. BRANCH: Grosvenor Hotel, Chester, 
“ Heat Transfer Media for the Control of Reactions at Elevated 
Temperatures,”’ P. A. Rottenburg, 7 p.m. 


INSTITUTION OF CIVIL ENGINEERS 


ie ag 21st.—Great George Street, Westminster, London, 
S.W.1, “The Caithness Regional Water Supply Scheme,’’ 
W. A. R. Baker, W. M. Jollans and J. N. Dale, 5.30 p.m. 

Fri., rob 24th.—YORKSHIRE ASSOCIATION : Royal Victoria 
Hotel, Sheffield, “‘ The Planning of Ring Roads, with special 
reference to London, ” F. A. Rayfield, 6.15 p.m 

Tues., Feb. 28th STRUCTURAL AND BUILDING MEETING 
George Street, Westminster, London, S.W.1, “‘ The Basis for 
Design of Beams and Plate Girders in the Revised B.S. 153 
(1955),”" O. A. Kerensky, A. R. Flint and W. C. Brown ; 
“* Experimental Verification of the Strength of Plate Girders 
Designed in Accordance with the Revised B.S. 153 (Tests on 

Full-Size and on Model Plate Girders),’’ A. E. Long, E. Long- 

bottom and Jacques Heyman, 5.30 p.m. 


INSTITUTION OF ELECTRICAL ENGINEERS 

Mon., Feb. 20th.—RADIO AND TELECOMMUNICATION SECTION : 
Savoy Place, London, W.C.2, Informal Evening on “ Ultra- 
sonics in Industry,’’ talk by C. F. Brocklesby, 5.30 p.m. 

Tues., ng 21st.—S.E. SCOTLAND Sus-Centre : Carlton Hotel, 
Nort Bridge, ,Edinburgh, * + 7 mene s of Electricity in the 
ent Area,”’ D. B. Irving, 7 Pe IDLAND CENTRE, 
UTmizaTIon GRouP : Central ey Authority, a White- 


hall Road, 5 & us Age and Incidence of Fires in Elec 
Installation,” L. Gosland, 6.30 p.m 
Wed., 2. UPPLY SECTION : Savoy Place, London, 


eb. 
W.c. - “ The Penetration of Surge Voltages through a Trans- 
former Coupled to an Alternator,” B. C. Robinson ; ‘‘ The 
with Conce of Surge Voltages through Turbo-Alternators 
with centric Conductor Type Windings,” B. C. Robinson, 


Tee Freb. 23rd.—Grosvenor House, Park Lane, London, W.1, 
Annu: al Dinner, 7 p.m. 
Tues., Feb. 28th.—MEASUREMENT 
Place, London, W.C.2, “ An Evaluation of Two Ra 
of Assessing the Thermal Resistivity of Soil,’’ M. 
and K. Mochlinski, 5.30 p.m. 


INSTITUTION OF ENGINEERS AND SHIPBUILDERS IN 
SCOTLAND 
Tues., Feb. 28th.—39, Elmbank Crescent, Glasgow, “‘ Resistance 
and Propulsion of Single-Screw Coasters: Part Ill, L/B=64,” 
J. Dawson, 6.30 p.m. 


INSTITUTION OF HEATING AND VENTILATING 
ENGINEERS 
Wed., ry 22nd. —YORKSHTRE BRANCH : Royal Victoria Hotel, 
Ss) High-Pressure Hot Water,”’ N. Fincher, 7.30 p.m. 
i, Feb. ” 28th.—-SCOTTISH NCH : ‘Scottish Buildin » 
Sauchiehal! Street, Glasgow, C.2, “ School 
ds B. Dick, 7 p.m. 


INSTITUTION OF LOCOMOTIVE ENGINEERS 
Wed., Feb. 22nd.—Institution of Mechanical Engineers, 1, Bird- 
se X Walk, es. seen S.W.1, “ Ultrasonic Flow Detection,”’ 
m. 
Wed., Paes 29th. ~—teniention of Mechanical ~_» = 1, Bird- 
cage Walk, London, S.W.1, Sir Seymour Tritton 


NT AND SuPPLY SECTIONS : Savoy 
id Methods 
. Makowski 





: Grand 
t Alloy Practice,” C.J ‘Williams, 3 pam. 


merce, Leicester, “‘ The of Water- 
Cooled Cupolas,” D. y owen area 6 p.m. 
ENTRY : et 


OF 
“ Malleable Iron,” 
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Lecture, “* 
Cockcroft, $.30 p.m. 


Atomic Energy and Propulsion,” Sir John D. 


INSTITUTION OF MECHANICAL ENGINEERS 
en Fon’ 17th.— GENERAL MEETING. 


Stream Group : 1, Bird- 
‘alk, London, inet Hs gem 0p 
a,Altemaior in Power Stations,” HS . S » 5.30 p.m,. 
. CENTRE : Midland 


8 the Operation mre Modern Goce 
wes an La L. i; Ashworth, S. Hall and Je woe 6.30 p.m. 
Wet Feb . 22nd.—-SOUTHERN BRANCH : way College 4 


ye Chatham, Marine Reduction Ocoving” © W : 


Davis, 
Thurs, Feb: Prd. —N.W. BRANCH AND A.D. CENTRE : May ers 
Club, Albert Square, Manchester, “ Ball and Roller 
.m.——WEsTERN A.D. 


Sacre Roy M. J. Knaggs, 6.45 
by the 


yy | ae Bristol, A: Chairman, 

SS 6.4: . smn — SCOTTISH BRANCH Royal Tosh 
vical lege, A coral “Properties 0 atter at 
Pressure,”’ D. M. Newitt, 7.30 p.m. 

Fri., Feb. 34th.—INDUSTRIAL ADMINISTRATION AND ENGINEERING 
PRODUCTION GROUP : 1, Birdcage Walk, London, S.W.1, Dis- 
cussion on “‘ The Productivity Report on Industrial 
ing,”’ 2.30 and 5,30 p.m.——-SCOTTISH BRANCH : North itish 

Station Hotel, Edinburgh, “ Properties of Matter at High 

Pressure,”” D. M. Newitt, 6.30 p.m. 


INSTITUTION OF NAVAL ARCHITECTS AND INSTITUTE 

OF MARINE ENGINEERS : SOUTHERN JOINT BRANCH 

Tues., Feb. 21st.—Technical College, St. Mary Street, Southamp- 
ton, “‘ The Control of Steam ‘em _— in Marine Water- 
Tube Boilers, ”* E, G. Hutchings, 7.. 


INSTITUTION OF PRODUCTION ENGINEERS 
Mon., Feb. 20th.—CovENTRY SECTION: Craven Arms, \ oe 
Street, Coventry, Films on Automation, “ Ti 
Tomorrow,” “ First Automatic, enw “ Production 
Miracles and Operation Pushbutton, i -m.———-MANCHESTER 
SecTION : Reynolds Hall, College of Technology, Sackville 
Street, Manchester, “ Shell Moulding,”’ L. Harrison, 7.15 p.m. 
=. REGION: Neville Hall, Newcastle upon T. 
“ Remote Positional Control and its Possible Application to 
Automation,” J. D. Oates and A. T. Granger, 7 p.m. 
Wed., Feb. 22nd.—WESTERN SECTION: The College, Swindon, 
“Compressed Air in Aircraft Production : A User’s Experi- 
ence,”’ W. E. Wright, 7.30 p.m. 
Thurs., Feb. 23rd. LINCOLN SECTION: Ruston Club, Unity 
Square, L Lincoln, ‘* Forms of Financial Incentive,’’ N. A. Cullin, 
Fri. Feb. 24th.—S. Wares SECTION: §. Wales Institute of 
Engineers, Park Place, Cardiff, Joint Meeting with the Institute 
of Cost and Works Accountants, 7 p.m. 


INSTITUTION OF WATER ENGINEERS 
Wed., Feb. 22nd.—Institution of Civil Engineers, Great George 
Street, London, S.W.1,.“‘ The Design and Construction of an 
Overground Steel Trunk Main for kreetown,’’ W. D. Moss and 
N. Howard ; “ The Laying of a Small Diameter Steel Main 
Across a Tidal River,’’ J. L. Unitt, followed by a Film, 2.30 p.m. 


JUNIOR INSTITUTION OF ENGINEERS 
To-day, Feb. 17th—INFORMAL MEETING: Pepys House, 14, 
ey Row, London, S.W.1, “‘ The Engineer Goes Sailin ing,” 
J. Bowyer Lowe, 7 p.m. 
Fit. "Feb. 24th.—INFORMAL MEETING : Pepys House, 14, Rochester 
Row, London, S.W.1, “* Stages in the Design of a New Marine 
Whistle,”’ A. E. Bowyer-Lowe and J. P. McKenna, 7 p.m. 


MANCHESTER ASSOCIATION OF ENGINEERS 


Ss a 178 th.—Engineers’ —_ Albert Square, Manchester, 
”’ C, J. Hind, 6.45 p.m. 


MINISTRY OF WORKS 


Tues., Feb. 2ist.—Technical College, Northgate, Darlington, 
“* Manufacture of Plate Glass and Armourplate Glass,’’ A. 
Kearns, 7 p.m. 


NORTH EAST COAST INSTITUTION OF ENGINEERS 
AND SHIPBUILDERS 


Fri., Feb. 24th.—Mi Institute, Newcastle upon Tyne, “‘ Large 
Tyne Dr — Docks,”’ r. Eustace Smith and G. A. Maunsell, 


ROYAL AERONAUTICAL SOCIETY 
Tues., Feb. 21st.—SecTIon Lecture : 4, Hamilton Place, London, 
w. 1, “Design of Low Landing ‘Speed Aircraft,” R. C. 
Mcln’ ntyre, 7 p.m. 
Tues., Feb. sap —SECTION LECTURE : 4, Hamilton Place, London, 
Ww. i. Use of Elementary Plasticity in Design,”’ Anthony a 
Barrett, 7 p.m. 


ROYAL SOCIETY OF ARTS 


Wed., Feb~- Fay oe Adam Street, Adelphi, London, W.C.2, 
“ The Bi lh Glasshouse Industry,’’ W. F. Bewley, 2.30 p.m. 


SHEFFIELD SOCIETY OF ENGINEERS AND 
METALLURGISTS_ 
Mon., Feb. 20th.—The University po mem , * % oe 's 
Sheffield, * Aluminium in FE " West, 730 pam 
Wed., b. 22nd. —The University Building. § George’ 8 Square, 
Shemetd, “Fluid Lubrication in Wire Drawing” D. 
Christopherson, “ Mechanics of Wire Drawing,” J. G. Wist- 
reich, 6.30 p.m. 


SOCIETY OF CHEMICAL INDUSTRY 
Wed., Feb. 22nd.—Burlington House, Piccadilly, igaden, w.i, 
ros Control of Corrosion in the Dairy hedentey,” 6. 30 p 
SOCIETY OF INSTRUMENT TECHNOLOGY 


Tues., Feb. 28th—MAIN MEETING: Manson House, Portland 
Place, London, W.1, “ Measurement of Angular Speed,”’ 
B. J. Terrell, 6.30 p.m. 


TELEVISION SOCIETY 


Tues., Feb. 21st. rte: of London, Institute of Education, 
Malet t Street, W.C.1, “Some Problems in a Band-Sharing 
Colour Television System,” A. V. Lord, 7 p.m. 


WEST OF SCOTLAND IRON AND STEEL INSTITUTE 


wae, Feb. 17th.—Institution of Engineers and Shipbuilders, 39, 
imbank Crescent, Glasgow, “ Electric Drives for Hot Rolling 
Mill” H. S. Brown and J. C. Easton, 6.45 p.m. 


WOMEN’S ENGINEERING SOCIETY 


Tage. Feb, 21st.—LONDON BRANCH : beg « to Ferny Guinness, 
nm and Co., Ltd., Park Royal Brewery, 6 p.m. 












